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ABSTRACT 

This   report   covers  a two-year  project  , at the   n in th   yea r  
o f  a growing,  multiproject  program  that is explor ing   the  
value  of  computer  aids  to  augmenting human i n t e l l e c t u a l  
c a p a b i l i t y .   O u t l i n e d   b r i e f l y  are the  background  and  the 
' 'bootstrapping"  nature of the  program  (e.g. , t he   r epor t  was 
produced  with  the  experimental  computer  aids)  and i t s  s t a t u s  
a t  the  start o f   t h i s   p r o j e c t .  Advances dur ing   the   p ro jec t  
were i n   t h e  programming  system (CRT on-line  debugging,  etc.) ,  
i n   b o t h   o f f - l i n e  and on-line  computer-aided  text-manipulation 
systems  implemented on a CDC 3100, and i n   s p e c i f i c a t i o n s ,  
designs,  and  nearly  completed  implementation  of  a  time-shared 
system on an SDS 940, which w i l l  be  committed to   s e rv ing  12 
on- l ine  CKT c o n s o l e s   f o r   t h i s  program.  Special   features  of 
the   des ign   inc lude  commercial-TV disp lay   consoles ,   spec ia l  
equipment to   r educe  CYIJ overhead t o  a few pe rcen t   fo r  
s e rv i c ing  I/O, a new machine-oriented,  systems  programmer 
compiler  language (MOL940), a compiler-compiler  (Tree  Meta), 
and a Control  Metalanguage  Translator for compiling  the 
in t e rac t ive   pa r t   o f   t he   on - l ine   sys t em from a special   Control  
Metalanguage  description.  Experiences  with  usage  to  date 
l e a d   t o  an assortment of f u t u r e   r e s e a r c h   p o s s i b i l i t i e s   f o r  
both  the  computer   a ids   and  their   u t i l izat ion.  A "Bootstrap 
Community" provides  t h e  planning  basis   for   the  choice  and 
cha rac t e r   o f   fu tu re   r e sea rch   ac t iv i t i e s .  

V 





FOREWORD 

This is the   f i na l   r epor t   o f  a two-year  project  a t  
S tan fo rd   Resea rch   In s t i t u t e   i n  man-computer i n t e rac t ion .  The 
project   has   been  joint ly   sponsored by NA5A and ARPA, and 
provides   the   nuc leus   for  a continuing,  multi-sponsor  program 
organized   wi th in   the  Augmented Human I n t e l l e c t  (MI) Research 
Center. The Center 's   research  program  has  been  building up 
a t  SRI since  1959,   via  a se r i e s   o f   coo rd ina ted   p ro j ec t s  and 
faci l i ty-development   s tages .  

One o f   t h e   e x p e r i m e n t a l   a c t i v i t i e s   o f   t h e   p r o j e c t  is  t o  
keep i ts  working  records  in  computer  storage,   and  to do a s  
much as poss ib le   o f   the   da i ly   manipula t ion   wi th   rea l - t ime 
interact ive  computer   a ids .  A s  an  example,  except f o r  
diagrams  and  photographs, t h i s   e n t i r e   r e p o r t   h a s   b e e n   c a r r i e d  
through a l l  of i t s  stages  of  composition,  modification,  and 
production by  such  means (i.e. through  the  automatic 
preparat ion  of   reproduct   ion copy) . 

v i  i 
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Chapter I of t h i s   r e p o r t  is a gene ra l   i n t roduc t ion   t o  
t h e   a c t i v i t i e s   o f   t h e  AH1 Research  Center a t  Stanford 
Research I n s t i t u t e  and t o   t h e  facil i t ies i n   u s e  for t he  
research.  Chapter 11 desc r ibes   t he   s t r a t egy   o f   r e sea rch  and 
the  experimental  environment i n  the   Cen te r ,   en t a i l i ng  a 
"bootstrapping"  concept  and  complex  systems fo r   on - l ine ,  
i n t e r a c t i v e   c o m p u t e r   a i d   t o   i n t e l l e c t  on a d a i l y ,   f u l l - t i m e  
bas i s .  

Chapter I11 desc r ibes   t he  development of user  systems -- 
t he   a spec t s  of the  computer  systems  that  are apparent and 
use fu l   t o   t he   u se r ;   Chap te r  I V  dea l s   w i th   spec ia l  
system-design  techniques  which  have  evolved  in  the 
implementation of user   systems.  

Chapter V is a d iscuss ion  of t h e   r e s u l t s  t h a t  have  been 
observed from in tens ive   usage  of the   sys tems,   in   t e rms  of 
p o s s i b i l i t i e s   f o r  human intel lect   augmentat ion.   Chapter  V I  
presents   conclusions and  recommendations. 

x i i i  
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I 1NTROI)UCTION 

1 I n   t h e  Augmented  lluman I n t e l l e c t   ( M I )  Research Center a t  
Stanford  Research  Inst i tute  a group  of   researchers  is developing 
an  experimental   laboratory  around  an  interactive,   multiconsole 
computer-display  system,  and is working t o  learn t h e   p r i n c i p l e s  
by  which i n t e r a c t i v e  computer  aids  can augment t h e   i n t e l l e c t u a l  
c a p a b i l i t y   o f   t h e   s u b j e c t s .  

2 For t h e  f irst  p a r t  of t h e   p r o j e c t ,   t h e  Center's experimental 
f a c i l i t y   c o n s i s t e d   o f  a CUC 3100  computer t h a t  was equipped w i t h  
one CRT console. 

2A The b a s i c   s t r a t e g y  of t h e  All1 research  program i s  t o   u s e  
i t s  own augmentation-system  developments for i t s  own work. 
Experience w i t h  a s ingle   console   serviny!  a l l  the  people  i n  
t h e  p r o j e c t  was unsa t i s fac tory   because   o f   the   l imi ted   access .  
Furthermore,  the  economics  of a dedicated  machine would  have 
prevented i t s  general   appl icat ion.   These  factors   led  to   the 
evolu t ion  of a multiconsole  system. 

2R R e l a t i v e l y   e a r l y   i n   t h e   c o n t r a c t   p e r i o d ,  t h i s  
l imited-access  handicap  received enough r e c o g n i t i o n   t o  brine 
about a readjus ted   l eve l  of support  [from A R P A ,  channelled 
through an RAW con t rac t )  and a s h i f t   i n   o u r   a c t i v i t y .  For 
t h e   l a s t  18 months t h e  main act ivi ty   has   been  the  planning 
and implementation of a multiconsole system dedica ted  t o  t h e  
A l l  Center 's   "boots t rapping"  act ivi ty .  

3 For i t s  l a b o r a t o r y   f a c i l i t y ,   t h e  Center now h a s  t h e  
following: 

3A  An SI)S940 time-sharing  computer (hSK, 24-bi t   core)   with a 
4 . 5  megabyte  swapping drum and a 96 megabyte f i l e - s t o r a g e  
d isk .  T h i s  s imultaneously  serves  12 CKT work s t a t i o n s .  

3H The d i sp lay   i n  a u s e r ' s   o f f i c e   o r  workroom (see  
Front i sp iece)   appears  on a commercial t e lev is ion   moni tor  
(h igh   reso lu t ion  -- 875 l ines)   and   provides   bo th   charac te r  
and v e c t o r   p o r t r a y a l s .  An SKI mouse (cursor  device)  al lows 
sc reen   po in t ing   and   s e l ec t ion ,  and a keyboard is used   for  
enter ing  both  data   and  control   information.  

3c The use r   f ea tu re s   be ing  first developed for t h i s  f a c i l i t y  
are e s s e n t i a l l y   t h e  same as on the   p ro to type  3100 system. 



I : 1NTHOL)IJCTION 

(See   the   sec t ion  below on **User Systems*'.) 

3D There   a re   severa l   no tab le   fea tures   in   the   des ign  of t h i s  
exper imenta l   fac i l i ty .  

3 D 1  Specially  developed  hardware  enables  the I/O for 
t h e s e   h i g h l y   i n t e r a c t i v e  CHT work s t a t i o n s   t o  be c a r r i e d  
out  with  almost no overhead on the   cen t r a l   p rocesso r .  

3112 The display  system  uses a unique mix of conventional,  
r e f r e shed ,  random-def l e c t i o n  CHTs and  commercial 
t e l e v i s i o n  equipment t o   o b t a i n   o v e r a l l  economy, 
black-on-white   displays,   and  the  abi l i ty   to   superimpose 
d i f f e r e n t  TV images on one d isp lay .  

3D3 Special-purpose  high-level  languages  and  associated 
compilers  provide  rapid,   f lexible  development and 
modi f ica t ion   of  t h e  r e p e r t o i r e  of se rv i ce   func t ions  and of 
the i r   cont ro l   p rocedures   ( the  l a t te r  be ing   t he   de t a i l ed  
u s e r   a c t i o n s  and  computer  feedback  involved  in  controlling 
the   app l i ca t ion   o f   t hese   s e rv i ce   func t ions ) .  

3114 Developed  under  an ear l ie r  p r o j e c t   t o   f a c i l i t a t e  
t h e s e   c o n t r o l l i n g   a c t i o n s   a r e   t h e  SRI mouse (a hand-held 
X - Y  t ransducer   usable  on any f l a t   s u r f a c e j  and a five-key 
handset  for  one-handed  entry of con t ro l   codes   and   l i t e r a l  
input.  

4 User f i les  a re   o rgan ized   i n   h i e ra rch ica l   s t ruc tu res   o f   da t a  
entities, each composed of arbi t rary  combinat ions  of  text and 
f igu res .  A l a rge   r epe r to i r e   o f   coo rd ina ted   s e rv i ce   f ea tu re s  
enables a s k i l l e d  user t o  compose, study,  and  modify  these f i l es  
with  great   speed and f l e x i b i l i y ,  and t o  have  searches,   analyses ,  
data   manipulat ion,  etc. done for him. I n   p a r t i c u l a r ,   s p e c i a l  
sets of  conventions,  functions,  and  working  methods  have  been 
developed t o  a i d  programming,  documenting, r e t r i e v a l ,   p r o j e c t  
management, group  interact ion,   logical   design,   and  hard-copy 
production. 

5 Before   descr ib ing   in  more d e t a i l   t h e   d e s i g n  of the  hardware 
and software for these   sys tems,   th i s   repor t   d i scusses   the  
purpose  and  approach f o r  our coordinated  "bootstrap**  program, 
where  our  emphasis is on learn ing  how t o   d e r i v e  maximum v a l u e   t o  

2 
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human ef fec t iveness  by harnessing  computer  aids.  

SA Our  primary  research  concern is ac tua l ly   wi th   such   th ings  
as t h e   r e p e r t o i r e   o f  service func t ions   p rovided   the  user, t h e  
means he  uses t o  c o n t r o l   t h e   a p p l i c a t i o n  of these   func t ions ,  
his  changes  in  working  conventions  and  procedures,   the new 
ways he  and  others  can now work t o g e t h e r  as a team, etc. 
These  primary  research factors are what determine  the 
secondary   goa ls   o f   deve loping   the   ins t rumenta t ion   for  our 
research  (i  .e., the  hardware  and  software).  

3 
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I1 W.SEAHCII STRATEGY AND ENVIRONMENT 

1 S t r a t e g y  

1 A  The r e sea rch   ob jec t ive  is t o  develop  pr inciples   and 
techniques for designing  an  "augmentation  system." 

'1Al This   includes  concern  not   only for  the   t echnology  of  
provid ing   in te rac t ive   computer   se rv ice ,   bu t   a l so   for  
changes  in ways of concep tua l i z ing ,   v i sua l i z ing ,  and 
o rgan iz ing   ma te r i a l ,  as well  as procedures  and  methods  for 
working  individually  and  cooperatively.  

1 B  The research  approach is s t rongly   empir ica l :  at t h e  
workplace  of  each member of   the  group,  we aim t o   p r o v i d e  a 
nea r ly   fu l l - t ime  (:KT work s t a t i o n ,  and  then  endeavor 
continuously  to  improve  the services a t  t h e   s t a t i o n s ,   t h u s  
making  them more va luab le   t o   g roup  members i n  a l l  r o l e s  and 
a c t i v i t i e s .  

1 R 1  h o n g   t h e   r e s e a r c h   a c t i v i t i e s  of the   g roup   a re   the  
following:  evolutionary  development of a complex 
hardware-software  system,  design  of new task procedures 
for t h e  system's  users,   and  careful  documentation of  t h e  
evolving  system  designs  and  user  procedures.  

1R2 The group  a lso  has   the  usual  tasks of  managing i t s  
a c t i v i t i e s ,   k e e p i n g  up  with  outside  developments, 
pub l i sh ing   r epor t s ,   e t c .  

1H3 Ilence, t h e   p a r t i c u l a r s  of the  augmentation  system 
evolving  here  w i l l  reflect  t h e   n a t u r e  of these tasks;  
i.e.,  the  system i s  aimed a t  augmenting a 
system-development  project team. Though t h e  primary 
research  goal is to   deve lop   p r inc ip l e s  of ana lys i s   and  
design f o r  augmentation of human capabi l i ty ,   choos ing   th i s  
research  approach  yields   the  valuable   secondary  benefi t   of  
a sys t em  t a i lo red   t o   he lp   deve lop  complex computer-based 
systems. 

1C llaving  the s t a f f  of t h e  AH1 Center   serve  both as t h e  
research  group  and as the  subject  group  produces a unique 
twist t o   t h i s  approach. 

1 C 1  This "boots t rap"  group  has   the  interest ing 

5 



I I : WSEARCII  STRATEGY AND ENVI  RONPENT 

( recurs ive)   ass ignment   o f   deve loping   too ls  and techniques 
t o  make it  more e f f e c t i v e  a t  car ry ing   ou t  i t s  assignment. 

1C2 I t s   t a n g i b l e   p r o d u c t  i s  a constantly  improving 
augmentation  system for use  in   developing and studying 
augmentat  ion  systems. 

1 C 3  This system  can  be  transferred -- as a whole or by 
pieces   of   concept ,   pr inciple   and  technique -- t o   h e l p  
others  develop  augmentation  systems for many o t h e r  
d i s c i p l i n e s  and ac t iv i t ies .  

ID We are   concen t r a t ing   fu l ly  upon becoming a b l e   t o  do a l l  
o f  our d a i l y  work on l i n e ,  so t h a t  we can: 

l n l  Put   into  computer   s tore  a l l  of OUT s p e c i f i c a t i o n s ,  
plans,   designs,   programs,   documentat   ion,   reports ,  memos, 
bibl iography , re ference   no tes  , etc. 

1112 Do a l l  ou r   s c ra t ch  w o r k ,  p lanning,   designing,  
debugging, e tc . ,  and a good deal  of o u r   i n t e r n a l  
communication, v i a   t he   conso le s .  

1113 Maximize the  coverage of our  documentation, 11s i ng i t  
as a dynamic  and p l a s t i c   s t r u c t u r e   t h a t  we cont inua l ly  
d e v e l o p   a n d   a l t e r   t o   r e p r e s e n t   t h e   c u r r e n t   s t a t e  of our  
evolving  goals ,   p lans ,   designs,   procedures ,   and  data .  

IE  The display-computer  system  to  support   this  cxperiment is 
j u s t  becoming opera t iona l ,   suppl ied   wi th  a b a s i c  
d isp lay-or ien ted   user   sys tem  tha t  we have  evolved  over   f ive 
years  and  through  three  other  computers.  Below are   descr ibed  
t h e   p r i n c i p l e   f e a t u r e s  of  these  systems. 

Z Single-Console  System 

2 A  When the   p ro jec t   began ,  we had j u s t   r e p l a c e d   o u r   e a r l i e r  
CI)C l 6 O A  wi th   the   p resent  CDC 3100. The 160A f a c i l i t y  and 
the  on-line  system  implemented  with it  are desc r ibed   i n  
English e t  a l . ,  1965. 

2H The CDC 3100  computer  has  the  following  coafiguration: 

6 



I I : ENVIRONMENT -- SINGLE-CONSOLE  SYSTEFl 

2H1 Memory: 16,000 words, 24 b i t ,  1.75 microseconds 

2B2 Three I/O channels,  one of which is  compatible  with 
the   in te r face   p rev ious ly   used  on some of  our  equipment f o r  
coup l ing   t o   t he  CDC 160A 

2H3 Paper-tape 1 /0  

2R4 Three  magnetic-tape  transports 

2BS One IHM 1311 d i s k   f i l e  (2,000,000 cha rac t e r   capac i ty )  

2Bh One 150- l i ne /minu te   p r in t e r  

2H7 Card  reader, 1200 cards  per  minute. 

2C Work S t a t   i o n  

2C1 Specia l  (SKI) interface  equipment  couples the 3100 t o  
a d i sp lay   gene ra to r  and to  the  various  keyboards  and 
se l ec t ion   dev ices  of t h e  work s t a t i o n .  

2C2 'fie d i sp lay  is  dr iven  by a cha rac t e r   gene ra to r  which 
can  generate   vectors  and a r e p e r t o i r e   o f  63 c h a r a c t e r s   a t  
about 100,000 characters   per   second.  

21) On-line  Assembling  and  Ilebugging (COPE) 

21)l COPE (Controlled On-Line Program Executer) is a n  
i n t e g r a t e d  machine-  languap,e  programming  system for 
creating,  modifying,  debugging,  and  f i l ing programs. I t s  
func t ions   i nc lude   t hose   no rma l ly   a s s igned   t o   d i s t i nc t  
programming systems such as assemblers,  debuggers,  and 
file-monitor  systems.  (See  Hopper, 19h8, f o r  a d e t a i l e d  
d e s c r i p t i o n ) .  

2D2 COPE was f i n i s h e d   e a r l y   i n  1966 and h a s  become t h e  
bas ic   opera t ing   sys tem fijr our  on-line-system  tlevelopment 
on t h e  3100. I t s   o n - l i n e  (CRT) debugging f a c i l i t y  makes 
it  ve ry   va luab le   t o   u s ,   e spec ia l ly  when combined with 
o n - l i n e   e d i t i n g  of the   source  code as provided  by  our NLTS 
( see  he low). 



I 1  : ENVIRONhENT -- SINGLE-CONSOLE SYSTEM 

211.3 A FORTRAN program was wr i t t en   wh ich   t r ans l a t e s  
COMPASS ( t h e  CDC-supported assembler   system  for   thc 3100) 
source   code   in to  COPE source code -- e x c e p t   f o r   t h e  
macros. With t h e   h e l p  of this   program, we mapped t h e  
implementation of t h e  COPE sys t em  in to   t he  COPE language, 
so t h a t  i ts  subsequent  debugging  and  extensions  have  been 
done wi th   t he   a id  of  i t s  own on-l ine  debugging  features .  

2114 COPE is a b l e  t o  load   and   l ink   to  programs w r i t t e n   i n  
3100 FORTRAN I V  o r   i n  COWASS. 

2U4A  FORTRAN and COMPASS r o u t i n e s ,  a f t e r  t r a n s l a t i o n  
into  re locatable   machine  code  by  s tandard CDC 
t rans la tors ,   can   be   loaded   by   the  COPE monitor, a t  t h e  
s'me time t h a t  i t  is assembl ing   regular  COPE code, so 
t ha t   p rocesses   wr i t t en   i n   t hese   o the r   l anguages   can   be  
mixed with COPE processes.  

21)s Also, f l e x i b l e  means to   ove r l ay   ( f rom  d i sc )   a r e  
provided . 

2D5A A COPE program may b e   w r i t t e n   w i t h   p a r t s   o f  i t  
designated to  be  stored  on  the  disk  and  "overlaid1*  onto 
s p e c i f i e d   s e c t i o n s  of  core  when cal led by   another   par t  
of t h e  program. 

21)SB This allows free growth of the  operat ing  systems,  
so t h a t  we can   deve lop   la rge   reper to i res  of 'commands 
and/or more soph i s t i ca t ed   ope ra t ions .  

3 SDS 940 Multiconsole  System 

3 A  I n   a d d i t i o n   t o   t h e  SI)S 940, t h e   f a c i l i t y   i n c l u d e s  
peripheral  equipment made by   o ther   manufac turers  as well as 
equipment  designed  and  constructed a t  SRI. 

3 B  A l l  of t h e  non-SI)S equipment is in te r faced   th rough  the  
special   devices   channel  which connects t o  the  second memory 
buss  through  the SI)S memory interface connection (MIC). 

381 This   equipment   together   with  the  random-access   disc  
(RAD) is a s i g n i f i c a n t   l o a d  on the  second memory buss.  
Not including the proposed  "special  operations"  equipment, 
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t h e  maximum expected  data  ra te  is approximately 264,000 
words per   second  or   one   ou t  of every 2 . 1  memory cycles.  
However, w i t h   t h e  940 v a r i a b l e   p r i o r i t y  scheme f o r  memory 
access ( P i r t l e ,  19671,  we expect less than 1 percent 
degrada t ion   in  CPU e f f i c i ency   due   t o   t h i s   l oad .  

3B2 This   channel   and  control lers   (with  the  except ion of 
t h e   d i s c   c o n t r o l l e r )  w a s  designed  and  constructed a t  SKI. 

3B2A With t h e  940 time-sharing  system, w e  s u s p e c t   t h a t  
response will be   l imi t ed  by t h e  CPU time a v a i l a b l e   t o  
t h e  users €or processing.  In t h e  d e s i p  of t h e  
hardware  serving  the work s t a t i o n s  we have  attempted  to 
minimize  the CPU time by  making the  system as automatic 
as p o s s i b l e   i n  i t s  access t o  memory, and  by  formatting 
t h e   d a t a  i n  memory so as t o  minimize  the  executive time 
necessa ry   t o   p rocess  i t  for the   users .  

3C Figure 1 i s  a block  diagram  of  the  special-devices 
channel  and  associated  equipment. The major  components are 
as   fo l lows  : 

3C1 Executive  llardware 

3C1A This is  e s s e n t i a l l y  a mul t ip lexer   tha t   a l lows  
independent,  asynchronous  access  to  core from  any of 
the 6 con t ro l l e r s   connec ted   t o  it. I t s   f u n c t i o n s  are 
as f o l  lows : 

3ClA1  Decoding cer ta in   instruct io_ns from t h e  
computer  and  passing them along as s i g n a l s   t o   t h e  
c o n t r o l l e r s  

3C1A2 Accepting  addresses  and  requests far memory 
access   ( input  or output)   f rom  the  control lers ,  
determining relative p r i o r i t y  among t h e   c o n t r o l l e r s ,  
synchronizing  to  the  computer  clock,  and  passing t h e  
r e q u e s t s   a l o n g   t o  memory v i a   t h e  MIC., 

3 C l B  The execut ive  hardware  includes a debugging  panel 
t h a t  allows any of t h e  6 c o n t r o l l e r s   t o   b e   o p e r a t e d  
"of f - l ine"   wi thout   in te r fe r ing  w i t h  thc   opera t ion  of 
o t h e r   c o n t r o l l e r s .  

9 
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3C2 Disc F i l e  

3C2A This  is a Model 4061  Bryant   disc ,   se lected for  
compatibility  with  the  continued  940-system  development 
by  Berkeley's  Project GENIE,  where  extensive 
f i le -handl ing   sof tware  was developed. 

3C2B As formatted for  ou r   u se ,   t he   d i sc  w i l l  have a 
s torage  capaci ty   of   approximately 32 million  words,  
wi th  a d a t a - t r a n s f e r  rate of 40,000 words per second 
and  average  access time of 85  mill iseconds.  

3C2C The d i s c   c o n t r o l l e r  is being  designed  by  Bryant 
in   c lose   coopera t ion   wi th  SRI and  Project GENIE.  

3C3 Display  System 

3C3A The d i sp lay  system cons i s t s   o f  two i d e n t i c a l  
subsystems,   each  with  display  control ler ,   d isplay 
genera tor ,  6 CRT's, and 6 c losed -c i r cu i t   t e l ev i s ion  
systems. 

3C3B The d i sp lay   con t ro l l e r s   p rocess  display-command 
t a b l e s  and d i sp lay  l ists  t h a t  are r e s iden t   i n   co re ,   and  
pass   a long   d i sp lay-buffer   conten ts   to   the   d i sp lay  
generators .  

3C3C The display  generators   and CRT's were  developed 
commercially t o  o u r   s p e c i f i c a t i o n s .  Each has   general  
charac te r -vec tor   p lo t t ing   capabi l i ty ,   and  w i l l  d r i v e  
s ix   5 - inch   h igh- reso lu t ion  CHT monitors on which the  
d isp lay   p ic tures   a re   p roduced .  Each genera tor  will 
accept   d i sp lay   buf fers   cons is t ing   o f   ins t ruc t ions  (beam 
mot ion ,   charac te r   wr i t ing ,   e tc . )  from t h e   c o n t r o l l e r .  

3C3C1 Charac ter   wr i t ing  time i s  approximately 8 
microseconds,  allowing  an  average  of 1000 cha rac t e r s  
on each of t h e  s i x  mdnitors when regenera t ing  a t  20 
cps . 

3C3D A high-reso lu t ion   (875- l ine)   c losed-c i rcu i t  
te levis ion  system  t ransmits   display  pictures   f rom  each 
CRT t o  a t e l ev i s ion   mon i to r  at the  corresponding 
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work-station  console.  

3C3E This  system was developed as a "best s o l u t i o n "   t o  
our experimental-laboratory  needs. However, it turned  
ou t   t o   have   va luab le   p rope r t i e s  for more widespread 
use : 

3C3E1 Since   on ly   a l l -b lack  or a l l -wh i t e   s igna l  
l e v e l s  are be ing   t r ea t ed ,   t he  scan-beam cur ren t  on 
t h e  cameras can  be  reduced t o  achieve a short-term 
image-storage effect t h a t   y i e l d s   f l i c k e r - f r e e  TV 
output  even when t h e   r e f r e s h  rate is as low as 15 
cps.  This  allows a d i s p l a y   g e n e r a t o r   t o   s u s t a i n  
about   four  times as much material as could  be 
sus ta ined   wi th   d i rec t -v iew  re f resh   tubes .  

3C3E2 The t o t a l   c o s t   o f  small CRT, TV camera, 
ampl i f ie r -cont ro l le r ,   and   moni tor  came t o  about 
$5500 p e r  work s t a t i o n  -- where a similar s i zed  
random-deflect ion,   d isplay-qual i ty  CRT would cos t  
around  $10,000  and  would  be  harder  to  drive 
remotely. 

3C3E3 Another   important   cost   feature   in  somc system 
environments   favors   this  TV approach. The expensive 
p a r t  is cent ra l ly   loca ted ;   each   ou t ly ing   moni tor  
costs   only  about  $600, so terminals can  be s e t  up 
even where  they are not   used  very  of ten,   enabl ing 
some v ideo   r ecoup l ing   i n   t he   cen t r a l   e s t ab l i shmen t  
t o  take one  terminal down and  put  another  up. 

3C3E4 An i n t e r e s t i n g   f e a t u r e   o f   t h e   v i d e o   s y s t e m  is 
tha t   w i th   t he  f l i c k  o f  a swi tch   the   v ideo   s igna l   can  
be   inver ted ,  so t h a t   t h e  image picked up as b r i g h t  
l i n e s  on dim background may be  viewed as b lack   l i nes  
on a l i g h t  background.  There is a d e f i n i t e   u s e r  
p r e f e r e n c e   f o r   t h i s   i n v e r t e d  form of disp lay .  

3C4 Input-Device  Control l c r  

3C4A In   add i t ion   t o   t he   t e l ev i s ion   mon i to r ,  each 
work-station  console will have a keyboard,  binary 
keyset,   and mouse. 
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3C4B . The c o n t r o l l e r   r e a d s   t h e  s t a t e  of t hese   dev ices  
a t  a preset i n t e r v a l  (about 30 mill iseconds)   and’wri tes  
i t  i n t o  a f ixed  location tab le  i n  core. 

3C4R1 Bits are addcd t o  information from t h e  
keyboards,   keyscts and  mouse switches t o  i n d i c a t e  
when a new charactcr   has   been  received o r  a switch 
has  changed s t a t e  during  the  samplc  per iod.  I f  
t h e r e  is a new cha rac t e r  or switch  change,  an 
i n t e r r u p t  i s  issued a f te r  tllc s,mplc  period. 

3C4B2 The mouse coord ina tes  are fomliIttCd as a 
beam-posi t ioning  instruct ion t o  t h e   d i s p l a y  
generator .   Provis ions are made i n   t h e   d i s p l a y  
c o n t r o l l e r  for i n c l u d i n g   a n   e n t r y   i n   t h e  
mouse-posit ion  table as a display  buffer .   ‘ rhis  
a l lows thc mouse pos i t i on  t o  be disp layed  
con t inuous ly   w i thou t   my  a t  ten t   ion  from t h e  CPU. 

3CS Special   Operat ions 

3C5A The box w i t h   t h i s  label  in   Fig.  1 is at  t h i s  time 
only a provis ion   in   the   execut ive   hardware  fo r  t h e  
add i t ion  of a high-speed  device. We have   ten ta t ive  
p lans  for adding  special   hardware t o  provide  operat ions 
no t   ava i l ab le  in t h e  940 i n s t r u c t i o n  s e t ,  such as 
c h a r a c t e r - s t r i n g  moves and  string-patt .ern  matching. 

3Cb Low-Priority  Devices 

3C6A This   con t ro l l e r  accommodates three  devices   with 
r e l a t i v e l y  low d a t a - t r a n s f e r  rates. A t  t h i s  time only 
t h e   l i n e   p r i n t e r  is implemented,  with  provisions f o r  
adding  an  on-line  typewriter  (Dura),  a p l o t t e r ,  and a 
terminal  for the  proposed AHPA computer  networh. 





I11 DEVELOPhENTS  IN IJSEK-SYSTEM  FEATURES 

1 On-Line User Systems 

1A In t roduc t ion  

1 A l  The u s e r   f e a t u r e s   o u t l i n e d  below are e s s e n t i a l l y  
common t o   b o t h   f a c i l i t i e s ,   b u t   t h e   p a r t i c u l a r s  are given 
f o r   t h e  new multiconsole  system. 

1A2 The b a s i c   f a c i l i t y  w i l l  hove the  following 
c h a r a c t e r i s t i c s :  

1 A 2 A  12 CHT consoles ,   o f  which usua l ly  10 w i l l  be 
l o c a t e d   i n   o f f i c e s   o f  A11 research  s ta f f .  Each console 
may opera te   en t i re ly   independent   o f   the   o thers .  

1 A 2 B  Each ind iv idua l   has   p r iva t e   f i l e   space ,   and   t he  
group  has community space also, on a high-speed  disc 
with a capac i ty   o f  96 mil l ion   cha rac t e r s .  

1A2C The system is no t   i n t ended   t o   s e rve  a general  
community of   t ime-sharing  users ,   but   is   being  shaped  in  
its ent i re   design  toward t h e  special   needs of t h e  
"bootstrapping"  experiment. 

1H Work S t a t i o n s  

1 B 1  The d i s p l a y  a t  each of t h e  work s t a t i o n s  (see 
Fron t i sp i ece )  is  provided on a h igh- reso lu t ion ,  
c losed-c i rcu i t   t e lev is ion   moni tor .  

l R l A  The alphanumeric  keyboard  has 94 normal 
c h a r a c t e r s   i n  two cases. A t h i r d - c a s e   s h i f t  key 
provides  for future   expansion,   and  f ive  special '  keys  
are ltsed for  system  .Control.  

1B2 Cursor Device (Mouse) 

l B 2 A  The mouse ( see  Fig. 2) produces  two  analog 
vo l t ages  as t h e  two wheels   rotate ,   each  changing  in  
p ropor t ion   t o   t he  X or Y movement over   the   t ab le   top .  

1R2Al These  vol tages   control  -- v i a  an A / D  
conver te r ,   the   computer ' s  memory, and the   d i sp l ay  
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g e n e r a t o r  -- the   coord ina tes  of a t r ack ing   spo t   w i th  
which t h e  11.ser may "point" t o   p o s i t i o n s  on t h e  
screen. 

1B2A2 Three  buttons  on top of t h e  mouse are used 
for spec ia l   con t ro l  

1R2B A set of experiments  comparing  (within our 
techniques   o f   in te rac t ion)   the   re la t ive   speed  and 
accuracy   ob ta ined   wi th   th i s   and   o ther   se lec t ion   devices  
showed t h e  mouse t o  b e   b e t t e r   t h a n  a l i g h t  pen o r  a joy 
s t ick (English e t  al . ,  1963; English e t  al . ,  1967). 

1 B 2 R 1  Compared t o  a l i g h t   p e n ,   t h e  mouse is 
g e n e r a l l y  less awkward a n d   f a t i g u i n g   t o  use, and i t  
has  a decided  advantage  for   use  with  scan-raster ,  
wr i te - through  s torage   tube ,   p ro jec t ion ,  o r  
multiviewer  display  systems. 

1 R 3  Five-Key Ilmdset 

1 H 3 A  The five-key  handset  has 31 chords  or   unique 
key-stroke  combinations.  In  one of t h e   f i v e  "cases ,*I 
t h e s e  are i n t e r p r e t e d  as lower-case   l e t te rs  and 
punctuat ion.   In   another ,   the  l e t te rs  are i n t e r p r e t e d  
as upper case. (The keystroke  codes  for  t h e  let ters A 
t o  Z are the  binary  cornhinations f o r  1 t o  2 6 . )  Two 
o t h e r  cases con ta in   d ig i t s   and   spec ia l   cha rac t e r s ;   t he  
f i f t h  case i s  **control case." 

1 R 3 A 1  A p a r t i c u l a r   c h o r d   ( t h e  same chord  in  each 
case) w i l l  always  transfer  subsequent  input-chord 
i n t e r p r e t a t i o n s  t o  con t ro l  case. 

1B3A2 In   con t ro l  case, one  can  delete  through 
r ecen t   i npu t ,   spec i fy   unde r l in ing  for  subsequent 
i n p u t ,   t r a n s f e r  t o  another  case, v i s i t   a n o t h e r  case 
for one c h a r a c t e r  or one  word, etc. 

1R3B One-handed typing  with  the  handset  is slower than 
two-handed typing  with  the  standard  keyhoard. Ilowever, 
working  with one hand on the   handse t  and one on t h e  
mouse, the   coord ina ted   in te rspers ion  of c o n t r o l  
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c h a r a c t e r s  and s h o r t  l i teral  s t r i n g s  from dne  hand  with 
mouse-control   act ions  by  the  other   yields   considerable  
advantage  in   speed .and smoothness of opera t ion .  

1B3B1 For l i t e r a l  s t r ings   longer   than   about   t en  
charac te rs ,   one   t ends  to  t r a n s e r  from the   handse t  t o  
t h e  normal  keyboard. 

1H3R2 Both  f rom  general   experience  and  specif ic  
experiment,  i t  seems t h a t  enough handset s k i  11 t o  
have i t s  presence  begin  to   pay  off   can  general ly   be 
achieved   wi th   about   f ive   hours '   p rac t ice  -- beyond 
t h i s ,  s k i l l  grows with  usage. 

IC S t r u c t u r e  of  Files 

IC1 Our  working  information is  o rgan ized   i n to  f i l e s ,  with 
f l e x i b l e  means f o r   s e t t i n g  up ind ices  and d i r e c t o r i e s  and 
f o r  moving f i l e s  i n  and ou t  of s torage .  Each f i l e  is  
i tself  h i g h l y   s t r u c t u r e d   i n  i t s  i n t e r n a l   o r g a n i z a t i o n .  

l C l A  The s p e c i f i c   s t r u c t u r e  of a given f i l e  i s  
determined  by  the  user,  and is an  important  part  o f  h i s  
conceptual  and  study-manipulate treatment o f   t h e  f i l e .  

IC2 The in t roduct ion  of e x p l i c i t   " s t r u c t u r i n g "  t.o ou r  
working  information stems from R very   bas i c   f ea tu re  of  o u r  
conceptual framework (Engelbar t ,  1963) regarding means for  
augmenting human i n t e l l e c t .  

1C2A With t h e  view t h a t   t h e  symbols  one  works w i t h  a r e  
supposed t o  represent  a mapping of one's associated 
concepts ,  and fu r the r   t ha t   one ' s   concep t s  exist i n  a 
"network" of r e l a t i o n s h i p s  as opposed t o  t h e  
e s s e n t i a l l y   l i n e a r  form of ac tua l   p r in t ed   r eco rds ,  i t  
was dec ided that   the  concept-manipular  ion aids  
der ivab le  from real-time computer  support could be 
appreciably  enhanced by s t ruc tu r ing   conven t   i ons   t ha t  
would make e x p l i c i t   ( f o r   b o t h  the u s e r  and t h e  
computer)  the various types of network  re la t ionships  
among concepts.  

1(:215 As an experiment  with  this  concept,  wc adopted 
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some years   ago  the  convent ion of organizing a1 1 
i n f o r m a t i o n   i n t o   h i e r a r c h i c a l   s t r u c t u r e s  , with 
provis ions  for  a rb i t r a ry   c ros s - r e fe renc ing  among t h e  
elements of a hierarchy.  

1C2B1 The p r inc ipa l   man i fe s t a t ion  o f  t h i s  
h i e r a r c h i c a l   s t r u c t u r e  is the   b reaking   up  of t e x t  
in to   a rb i t ra ry   segments   ca l led   "s ta tements , "   each  of 
which  bears a number  showing i t s  serial  l o c a t i o n   i n  
t h e  t e x t  and its "level"   in   an  "out l ine"  of t h e  
t ex t .  

1C2C To set up a r e fe rence   l i nk  from  Statement A t o  
Statement R, one may refer in   S ta tement  A e i t h e r   t o   t h e  
l o c a t i o n  number o f  B or t o  t h e  '*name" o f  H. The 
d i f f e r e n c e  i s  t h a t   t h e  number is  v u l n e r a b l e   t o  
subsequent  structural   change,  whereas t h e  name s t a y s  
wi th   the   s ta tement   th rough  changes   in   the   s t ruc ture  
around it. 

1C2C1 The convention is t h a t   t h e  f irst  word of a 
s ta tement  w i l l  b e   t r ea t ed  as t h e  name f o r   t h a t  
s ta tement ,  i f  i t  is enclosed  in   parentheses .  For 
instance,   Statement 0 on the   s c reen   o f   t he  
Front i sp iece  is named "AFI". References   to   these  
names may be  embedded anywhere i n   o t h e r   s t a t e m e n t s ,  
for  i n s t a n c e  as "see(spec) ,*I with  special   format  
allowing a v i ewer   t o  know e x p l i c i t l y   t h a t   t h i s  
refers t o  a statement named *(spec*@.  The  reference 
may also appear as a s t r i n g  of c h a r a c t e r s   i n  a 
context   such   tha t   the   v iewer   can   in fer   the  
referencing.  

1C2C2 This  naming and  l inking,  when added t o  t h e  
b a s i c   h i e r a r c h i c a l  form, y i e l d s  a general  
s t r u c t u r i n g   c a p a b i l i t y   t h a t  is q u i t e   f l e x i b l e .  
These  s t ructur ing  convent ions are expected t o  evolve 
r e l a t i v e l y   r a p i d l y  as our   research   progresses .  

1C.1 For some material, t h e   s t r u c t u r e d   s t a t e m e n t  form may 
he   undes i rab le .   In   these  cases, t h e r e  are means for 
suppress ing   the   spec ia l   format t ing  i n  t h e   f i n a l   p r i n t o u t  
of t h e  structured t ex t .  
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1C4 The bas i c   va l id i ty   o f   t h i s   app roach   has   been  well 
e s t a b l i s h e d  by  our  subsequent  experience. 

lC4A IVe have  found  that   in   both  off- l ine  and  on-l ine 
computer   a ids ,   the   concept ion ,   s t ipu la t ion ,   and  
execu t ion   o f   s ign i f i can t   man ipu la t ions  are made  much 
e a s i e r  by the   s t ruc tur ing   convent ions .  

1C4B Also, i n  working  on l i n e  a t  a CRT console ,   not  
only is manipulation made  much easier and  more powerful 
by t h e   s t r u c t u r e ,   b u t  a u s e r ' s   a b i l i t y   t o   g e t   a b o u t  
very   qu ick ly   wi th in   h i s   da ta   and   to   have   spec ia l  
"viewstt  of i t  g e n e r a t e d   t o   s u i t   h i s  need are 
s i g n i f i c a n t l y   a i d e d  by t h e   s t r u c t u r e .  

1C5 We have come t o  write a l l  o f  our documentation, 
n o t e s ,   r e p o r t s ,  and  proposals   according  to   these 
convent ions ,   because   o f   the   resu l t ing   increase   in   our  
a b i l i t y  to study  and  manipulate  them  during  composition, 
modification,  and  usage.  Our  programming  systems  also 
incorpora te   the   convent ions .  We have  found i t  t o   b e  
f a i r l y   u n i v e r s a l   t h a t  a f t e r  an i n i t i a l   p e r i o d   o f   n e c a t i v e  
r e a c t i o n   i n   r e a d i n g   e x p l i c i t l y   s t r u c t u r e d  material, one 
comes t o   p r e f e r  it t o  material p r i n t e d   i n   t h e  normal  form. 

ID Studying Files 

ID1 We use  computer   a ids   for  two pr incipal   "s tudying" 
opera t ions :  (1) loca t ing  and p o s i t i o n i n g   t h e   u s e r ' s  view 
t o   p a r t i c u l a r   p a s s a g e s   w h i t h i n  a f i l e ,  and ( 2 )  
cons t ruc t ing  special views  of   the material heginning  with 
that   passage.  

l D l A  In   normal ,   o f f - l ine  document s tudying ,  a person 
of ten   does   the  first type   o f   opera t ion ,   bu t   the   second 
is l i k e  a sc i s so r s -and- s t ap le   j ob  and is r a r e l y  doni: 
j u s t   t o   a i d   o n e ' s   s t u d y i n g .  

l D l B  ( A  t h i r d   t y p e   o f  service o p e r a t i o n   t h a t  w i l l  
undoubtedly  he a s i g n i f i c a n t   a i d   t o   s t u d y i n g  is 
question  answering. We do  no t   have   th i s   type   o f  
se rv ice . )  
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11)2 Control l ing  Locat ion of Displayed View" 

lD2A Designating a "point" i n   t h e  f i l e  to  which  one 
wants to  "go", i.e. a t  which he   wants   the   cons t ruc t ion  
of h i s   n e x t   d i s p l a y  view t o  begin,  is usua l ly  done by 
spec i fy ing  a given "view-start" s ta tement   wi th in   the  
f i le .  Such a des igna t ion  may be made i n   s e v e r a l  ways: 

lD2A1 By d i r e c t   s e l e c t i o n  when the   s t a t emen t  is 
v i s i b l e  on t h e   d i s p l a y  -- t he   s t a t emen t   ( ac tua l ly  
any charac te r   wi th in   the   s ta tement )  i s  s.imply 
pointed t o  w i t h   t h e  mouse. 

11)2A2  By i n d i r e c t  "marker" s e l e c t i o n  -- where t h e  
s ta tement  is  no t   on   t he   d i sp l ay   hu t   t he   u se r   has  
previously  placed a temporary, named marker on some 
cha rac t e r   o f   t he   s t a t emen t ,   he   can  select t h a t  
charac te r   (and   thus   the   s ta tement )  by g iv ing   the  
name of t h e  marker. Our control   procedures  make 
t h i s   e s s e n t i a l l y  as quick and simple as a 
d i r e c t - s c r e e n   s e l e c t i o n .  

l D 2 A 3  Ry f u r n i s h i n g   e i t h e r  t h e  name or t h e   l o c a t i o n  
number of   the  s ta tement ,  which  can h e  done i n   e i t . h c r  
of  two b a s i c  ways: 

1 D Z A 3 A  Typing it i n  from the  keyboard 

1112A3B S e l e c t i n g  a word from t h e  f i l e  t h a t  is  
t.he name or number (or conta ins  it wi th in   t he  
spec ia l   re fe rence- l ink  word format) -- and t h i s  
may b e   d o n e   e i t h e r   d i r e c t l y   o r   v i a   a n   i n d i r e c t  
marker s e l e c t i o n .  

1112B Specifying  where t o  go r e l a t i v e  t o  a designated 
s ta tement  -- a u s e r  may r eques t   t ha t   he   be   t aken   t o  a 
par t i cu la r   s t a t emen t   bea r ing  a s p e c i f i e d   s t r u c t u r a l  
r e l a t i o n s h i p   t o   t h e   o n e   s p e c i f i c a l l y   i d e n t i f i e d .  For 
ins tance ,  af ter  ident iyying  Statement  3E4 by one of t h e  
above means (assume it t o  be a member of t h e  l ist  3E1  
through 3E7), a u s e r  may ask t o  be   t aken   t o  its: 

1D2B1 Successor,  i.e. Statement 3E5 
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11)2R2 Predecessor,  i .e. Statement 3E3 

1D2B3 List T a i l ,  i.e. Statement 317 

lD2R4 List }lead, i.e. Statement 3E1 

1D2B5 List Source, i.e. Statement 3E 

lD2B6 Sub-head, i.e. Statement 3114A. 

lD2C Bes ides   be ing   t aken   t o   an   exp l i c i t l y   i den t i f i ed  
s ta tement ,  a u s e r  may ask t o  go t o  t h e  first statement 
i n   t h e  f i l e  (or the   next  af ter  t h e  cu r ren t   l oca t ion )  
t h a t   c o n t a i n s  a s p e c i f i e d  word o r  s t r i n g   o f   c h a r a c t e r s .  

lD2C1 Ile may s p e c i f y   t h e  search s t r i n g  e i ther  by 
d i r e c t   s c r e e n   s e l e c t i o n ,  or by i n d i r e c t  marker 
s e l e c t i o n .  

1 I ) K  Con t ro l l i ng  Form o f  V i e w  

1D3A The  "normal"  view  beginning a t  a given  locat ion 
resembles a frame cu t   ou t  from a long   s c ro l l  upon which 
t h e   s t a t e m e n t s  are p r i n t e d   i n   s e q u e n t i a l   o r d e r .  Such a 
view is d isp layed   in   the   Front i sp iece .  

1D3B Otherwise we have three independent ly   var iable  
v i ew-spec i f i ca t ion   cond i t ions   t ha t  may a p p l i e d   t o   t h e  
cons t ruc t ion   o f   t he   d i sp l ayed  view: l e v e l   c l i p p i n g ,  
l i n e   t r u n c a t i o n ,  and   con ten t   f i l t e r ing .  

l D 3 B 1  Level and  Truncat ion  Specif icat ions 

l D 3 B l A  Given a spec i f ied   l eve l   parameter ,  1. 
(L=l,2 , .. . . ,ALL) , t he  view gene ra to r  w i  11 first 
put on the   d i sp l ay   t he   des igna ted  view-start 
s ta tement ,   and  thereaf ter   proceed as for t h e  
normal case except   sk ipping   over   a l l   s ta tements  
whose "level" i n   t h e   h i e r a r c h y  is g rea t e r   t han  L. 
(For  example,  Statement 3E4 i s  t h i r d   l e v e l ,  3E 
second, 4 B 2 C 1  fifth, etc.) 

1 D 3 R l A 1  Thus t o  see on ly   f i r s t - ,   s econd- ,  and 

22 



111 : DEVELOPblENTS -- ON-LINE IJSER SYSTEM 

t h i rd - l eve l   s t a t emen t s ,   one   spec i f i e s  1.=3. 

1113BlB Given a spec i f ied   t runca t ion   parameter ,  T 
(T=1,2,...,ALL), t h e  view genera tor  w i l l  d i s p l a y  
o n l y   t h e  first T l i n e s  of each  statement. 

11)3B2 Content   Spec i f ica t ion  

1D3B2A Given   spec i f i ca t ions   fo r   des i r ed   con ten t  
( w r i t t e n   i n  a spec ia l   h igh- leve l   conten t -ana lys i s  
language),   the  view  generator will d i sp lay   on ly  
those  s ta tements   that   have  the  desired  content .  
One can test for  t h e   e x i s t e n c e  of s imple   s t r i ngs ,  
o r   l o g i c a l   c o m b i n a t i o n s   t h e r e o f ,   o r  f o r  such 
t h i n g s  as having  the word "memory" wi th in   four  
words o f   t h e  word "allocation".  

1 D 3 C  "Freezing"  Statements 

11).3C1 One may also preempt  an a r h i t r a r y  amount of 
the   upper   por t ion  of  t he   s c reen   fo r   ho ld ing  a 
col lec t ion   of   " f rozen"   s ta tements .  The remaining 
lower p o r t i o n  is t r e a t e d   a s  a reduced-size  scanning 
frame, and the   view  generator   fol lows  the same rlrles 
for f i l l i n g  it as  described  above. 

1 r)3c 1 A  The frozen  s ta tements  may h e  
independent ly   chosen  or   dismissed;   each may have 
l ine   t runca t ion   independent  of t h e  rest;  and t h e  
o r d e r   i n  which they are displayed i s  a r b i t r a r y  
and  readily  changed. Any screen-select   operand 
for any command  may be   s e l ec t ed  from any  portion 
of t he   d i sp l ay .  

1D31) Figures  3 and 4 show views  generated from t h e  
same s t a r t i n g   p o i n t   w i t h   d i f f e r e n t   l e v e l - c l i p p i n g  
parameters.   This  exmple  happens t o  be of a program 
written  in  our  Machine-Oriented  language (MOL, see 
below). 

1rJ.W Figure 5,  showing a view of a program w r i t t e n   i n  
our Control  Fletalanguage (CML, see helow) , demonstrates 
t h e   f r e e z i n g   f e a t u r e ,  wl~ere Statements 4C,  4C2, 3 B ,  



FIG. 3 VIEW OF  PART  OF  AN  MOL  PROGRAM 
Level  parameter = 2, truncation  parameter = 1 

FIG. 4 VIEW OF PART  OF AN  MOL PROGRAM 
Same as Fig. 3, but with level  parameter = ALL 
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FIG. 5 VIEW OF PART OF A CML PROGRAM, SHOWING USE OF 
REFERENCE HOPPING. The top six statements are "frozen." 
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3H1, 3B2, 3153, and 3B4 are frozen,  and  Statements  from 
35 on a r e  shown normally w i t h  L = 3, T = 1. 

1113E1 The f r cez ing   he re  was used to h o l d  f o r  
simultaneous view f o u r   d i f f e r e n t  , funct   i .onal ly  
r e l a t ed   p rocess   desc r ip t ions ;  t h e  subrout ines  (named 
+buglspec and +wait)   were  located each by use of the  
"hop-to-name" feature   descr ibed  above.  

1 E  bhdifying F j  les 

1 E l  !{ere we use a s tandard  set  of  operat ions,   spccifyinp,  
with  each  operation a p a r t i c u l a r   t y p e  of d a t a   c n t i t y .  
(The uppe r -case   l e t t e r s  below a r e  t h e  s i n g l e - l e t t e r  
des igna to r s  used f o r   s p e c i f y i n g   o p e r a t i o n s   a n d   e n t i t i e s  .) : 

l E l A  Operations:   Delete,   Insert ,   Replace,  :-love, Copy 

1F. 1R Enti t ies  (for s t ruc ture   manipula t ion)  : 
Statement,  l3ranch (statement  plus  a1 1 s u b s t r u c t u r e ) ,  
Group ( s u h l i s t   o f   b r a n c h e s ) ,  o r  P l e x  (complete l i s t  of 
branches) 

1E1C E n t i t i e s   ( w i t h i n   s t a t e m e n t s )  : Character ,   Text  
( a r b i t r a r y   s t r i n g )  I Word, V i s i b l e   ( p r i n t   s t r i n g )  , 
I n v i s i b l e  (gap  s t r i n g ) .  

1E2 S t r u c t u r e  may a l s o  be modif ied  by  joining  s ta tements  
or by breaking a s ta tement   in to  two a t  a spec i f i ed   po in t .  

11: Output t ing  F i  1 es 

1 F 1  Files may be sent t o  any  of a number of d i f f e r e n t  
output  devices  to  produce  hard  copy -- upper/lower-case 
l i n e  p r in t e r ,   on - l ine   h igh -qua l i ty   t ypewr i t e r ,   pape r   t ape  
t o   d r i v e   v a r i o u s   o f f - l i n e   t y p e w r i t e r s ,  or vi'a  magnetic 
t a p e   t o  an   o f f - l i ne  CHT-to-film  system  from  which we can 
produce Xerox p r i n t s ,   m u l t i l i t h   m a s t e r s ,  o r  microform 
records.  XOTE: not a l l  of t h e s e  are implemented a t  
present.  

1F2 F lex ib le   fonnat   cont ro l  may be   exe rc i sed   i n  t h i s  
process by means of  s p e c i a l l y  coded d i r e c t i v e s  embedded i n  
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the  files -- running  headers , page  numbering, 1 ine 
lengths,  line  centering,  suppression  of  location  numbers, 
indenting,  right  justification  (hyphenless),  etc.  are 
controllable  features. 

1G Compiling  and  Debugging Programs 

1G1  Source-code  files  written  in  any of our  home-built 
compiler  languages  (see  below), or in  the SDS 940 assembly 
laguage  (ARPAS,  in  which  our  compiler  output  is  produced) 
may be compiled  under  on-line  control. 

1G2 For debugging,  we  have  made a trivial  modification to 
the SDS 9 4 0 ' s  time-sharing  monitor so as  to  operate  the 
DDT  loader-debugger  from  our  CRT  displays.  Though it was 
designed to operate  from a Teletype  terminal,  this  system 
gains a great  deal  in  speed  and  power by merely  showing 
with a display the last  26  lines of what  would  have  been 
on  the  Teletype  output. 

ltl Calculating 

1111 The  same  small  innovation  as  mentioned  above  for DDT 
enables 11s to  use  the  CAL  system  from a display  terminal. 

2 Off-Line  User  Systems 

2A  This  is  the  third  stage  in  the  evolution of our  Off-Line 
Text-Manipulation  System (FLTS). 

2A1  The  first  stage  was  the  "Z-Code  System"  (described in 
Engelbart , 1965,  where it was  actually  used  to  do  the 
initial  writing  for  the  entire  report. It was  implemented 
on a CDC 160A and  was  used  solely f o r  original  preparation 
of  paper-tape  computer-throughput  text,  where it allowed 
selective  deletion of most-recent  typing. 

2A2 The second  stage  was  the  addition  to  the  above of a 
processor  that  permitted  the  merging  with  previously 
established  computer-held  files of new  input  containing 
new  text  material as well  as  instructions  to  change  both 
old  and new material. This system  enabled  the  complete 
development of documents  to  be  carried  out  with  computer 
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aid, where   an   a rb i t ra ry   success ion  of cyc les  of addi t ion ,  
modi f ica t ion  and reorganiza t ion  could b e  carried out .  
This vers ion  of FLTS was descr ibed  in   Engelbar t   and 
lluddart, 1965 (which was developed   in  i t s  e n t i r e t y   w i t h  
t h e   a i d  of this   text-manipulat ion  system) . 

2B F o r  t h i s   t h i r d   s t a g e ,  implemented  on  our CDC 3100, a set 
o f   f e a t u r e s  were s p e c i f i e d  t o  extend  and  improve  those  of  the 
ear l ier  systems  mentioned  above. 

2H1 The r e s u l t  is  a powerful  system f o r  computer 
processing of t e x t u a l  material p repa red   o f f - l i ne  on  any 
device  which  produces  punched  paper  tape or cards;   input 
may h e   d i r e c t  or v i a  a computer memory device -- i.e., 
t e x t   s t o r e d   o n  a d i s c  may be  accessed by the  system  and 
handled as i f  i t  had   been   read   in   d i rec t ly .  

2H2 The output  o f  the  system is punched pape r   t ape   fo r  
use  on a Teletype,   Flexowri ter ,  o r  Dura automatic 
t y p e w r i t e r ;   a l t e r n a t i v e l y   t h e  text may h e  output t o  a f i l e  
i n  computer memory for  la te r  use. 

21: Ihsic Features  of FLTS 

2C1 This   o f f - l ine   sys tem is  fu l ly   compat ih le   wi th   our  CDC 
3101) on-l ine  system (NLTS) . They both   use   the  same 
f i le -s t ruc tur ing   convent ions   and   the  same hard-copy  output 
processor .   E i ther   sys tem  can   opera te   on  f i l es  produced by 
t h e   o t h e r .  ' 

2C3 New s t a t e m e n t s   w i t h i n   t h e s e   e x i s t i n g   s t r u c t u r e s  may 
be   inser ted   s imply   by   typ ing   an   appropr ia te   (perhaps  
i n t e r p o l a t i v e )   l o c a t i o n  number. 

2C4 A pr io r   s t a t emen t   t oge the r   w i th  i t s  e n t i r e  
s u h s t r u c t u r e   ( t h i s   c o n s t r u c t  is c a l l e d  a "branch") may he  
moved t o  any  par t  of the   addressed   in format ion   s t ruc ture ,  
merely  by  designat ing  the new l o c a t i o n  number (perhaps 
i n t e r p o l a t i v e )  for  the   re fe renced   s ta tement .  I t s  
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s u h s t r u c t u r e   r e t a i n s   t h e  same r e l a t i v e   s t r u c t u r a l   p o s i t i o n  
t o   t h e   r e f e r e n c e d   s t a t e m e n t   i n  its new loca t ion .  

2C5 A branch may be  deleted  s imply by r e f e r r i n g   t o  i t s  
l o c a t i o n  number (as it appears i n  t h e   p r i n t o u t ,   r e g a r d l e s s  
of   in te rvening  -- but   as   ye t   unexecuted  -- s p e c i f i c a t i o n s  
f o r   s t r u c t u r a l   m o d i f i c a t i o n s  which may e v e n t u a l l y   r e s u l t  
i n  a new l o c a t i o n  number he ing   a s s igned   t o   t he   r e f e renced  
statement).  

2C6 The t e x t   c o n t e n t   o f  any  statement may be   rep laced  by 
merely  designat ing i t s  loca t ion  number, t hen   t yp ing   i n   t he  
replacement  text.  

2C7 The t e x t   c o n t e n t   o f  any  statement may be  copied, 
e i ther  as a new statement a t  a newly s p e c i f i e d   l o c a t i o n  
number, o r  as material t o  be  appended t o   t h e   e n d  of an 
ex is t ing   s ta tement .  

2C8 Newly typed tex t  content may be  appended t o  any 
des igna ted   pr ior   s ta tement .   This  new t e x t  may include  any 
of t h e  ed i t i ng   i n s t ruc t ions   desc r ibed  below. 

2C9 Within  any  statement, embedded i n s t r u c t i o n s   ( s p e c i a l  
sequences of t e x t  cha rac t e r s )  may be  included (or 
appended, see above) t o   s p e c i f y   a d d i t i o n s  o r  modi f ica t ions  
t o   t h a t   s t a t e m e n t .  

2C9A Using  any  one o f  three d i f fe ren t  means, a p o i n t  
in   the   t ex t   ly ing   be tween  the   s ta tement  start  and t h e  
i n s t r u c t i o n  may h e   s p e c i f i e d .  

2C9H Then  one  can e i t h e r   s p e c i f y  a s t r i n g   o f  
c h a r a c t e r s   t o   b e   i n s e r t e d  at t h a t   p o i n t ,   o r   s p e c i f y  
t h a t  a l l  o f   t he   cha rac t e r s  from tha t   po in t   forward  
th rough   t he   i n s t ruc t ion  are t o  he  deleted.  

2C9B1 I t  is p e r m i s s i b l e   t o   i n c l u d e ,   w i t h i n   t h e  
s t r i n g  of cha rac t e r s   be ing   i n se r t ed  a t  t h e   r e f e r e n c e  
p o i n t ,   a n   i n s t r u c t i o n   t o   c a u s e  material preceding 
t h a t   p o i n t   t o   h e   d e l e t e d  -- t h u s   e f f e c t i n g  a 
replacement  operation. 
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2 C 9 k  One means of s p e c i f y i n g   t h e   r e f e r e n c e   p o i n t  
is by  quoting a s t r i n g  of c h a r a c t e r s  and  specifying 
whether   the   re fe rence   po in t  is j u s t   " i n   f r o n t  of" or 
just   " in   back of" t h e  f irst  o c c u r r e n c e   o f   t h i s  
s t r ing   (w i th in   t he   s t a t emen t ) .  

2C9B3 Another means o f   des igna t ing  a re ference  
p o i n t  is  t o  count  l ines,   words,   and  characters 
r e l a t i v e  to  t h e   i n s t r u c t i o n .  

2C9B4 The t h i r d  means is t o  count l ines,  words, 
and   charac te rs  as follows: 

2C9R4A Lines forward from t h e   b e g i n n i n g   o f   t h e  
s ta tement  or backward from the   end  of t h e  
st a t  ement 

2C9H4B Words forward  f rom  the  beginning  of   the 
l i n e  or backward from the   end   o f   t he   l i ne .  

2C9B4C Characters  forward  from  the  beginning  of 
t h e  word or backward from t h e   e n d   o f   t h e  word. 

21) Specia l   Fea tures  

2111 When addres s ing   s eve ra l   p r io r  f i l es ,  whose -ranges of 
statement  numbers may overlap  and  thus  threaten  ambigui ty  
i n   t h e i r   r e f e r e n c i n g ,   t h e   u s e r  may s p e c i f y   t h a t  f o r  his 
current   purposes ,   each of t h e s e  f i l e s  is t o  have a 
(d i f f e ren t )   spec i f i ed   s equence   o f   cha rac t e r s   p re f ixed   t o  
every  one of i t s  l o c a t i o n  numbers. 

21)lA This  allows him t o  establ ish  temporary,   unique 
r e fe renc ing   t o   each  statement . o f   e a c h   f i l e ,   b y  
p re f ix ing   t ha t   s t a t emen t ' s   l oca t ion  number with i t s  
f i l e ' s  a s s igned   p re f ix   cha rac t c r s .  

2I)lB He may thus  assemble any number of f i les in to   one  
la rge   s t ruc ture ,   wi th in   which   he  may move, copy, 
de le te ,   and   inser t   s ta tements   and   subs t ruc ture   sec t ions  
t o  effect  an a r b i t r a r y  delete/merge/rearrangement. 

2D2 A u s e r  may i d e n t i f y   d i f f e r e n t   i n t e r v a l s  of h i s  new 
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input  as per t a in ing   t o   i ndependen t  FLTS jobs,  merely by 
spec i fy ing  a unique  "sequence number" f o r  each joh. 

2D2A To swi t ch   h i s   a t t en t ion   ( i . e . ,  his assoc ia t ed  
inpu t   ma te r i a l )  t o  a d i f f e r e n t  job,  he  need  only 
s p e c i f y   t h e   a s s o c i a t e d  new sequence  number,  and  becin 
typ ing  material for   the   second  job .  

2D2B When t h i s  new input  i s  subsequently  processed  by 
FIATS, the  computer w i l l  i n i t i a l l y   i s o l a t e   t h e   v a r i o u s  
segments of input   occurr ing  between  successive 
sequence-spec i f ica t ion   po in ts .  

2D2C Then, t o   a s semble   t he   r e l evan t  new inpu t   fo r   each  
j o b ,  i t  w i l l  co l lec t   those   segments   tha t   begin  w i t h  t h e  
sequence-specifying number t h a t   c o r r e s p o n d s   t o   t h a t   j o b  
(as communicated t o  FLTS by t h e  computer  operator).  

2D2D This   provis ion  a l lows a p e r s o n   s i t t i n g  a t  h i s  
pape r   t ape   punch ing   t ypewr i t e r   t o   sh i f t   h i s   i npu t  
typing  hack  and  forth  between  various tasks w i t h  g rea t  
f l e x i b i l i t y .  

2E The of f - l ine   sys tem w i l l  a l low  d i rec t   in te rac t ion   wi th  
t h e   d i s c  f i l e s ,  a l lowing   an   o f f - l ine   user   to   modi fy   any   f i l e ,  
o r  merge  and  modify  any sets of f i l e s ,  without   the bother of 
so  much in te rmedia te   paper   t ape .  

I 





I V  I)EVELOPME,NTS IN SYSTF.M-DESIGN TECIINIQUES 

1 The techniques  descr ibed below represent  the,   base of o u r  
software design for the  multiconsole  system. 

1 A  In t roduct ion  

1 A l  They emerged from our  experience  with  implementing 
and  modifying our ear l ier  on-l ine  systems,   and  represent  
i n  themselves a s i g n i f i c a n t   p a r t  of our  t o t a l  research 
achievements. 

1A2 The techniques  provide  considerable  improvement i n  
the   fo l lowing   a reas :  

1A2A Speed  and f l e x i b i l i t y   o f  implementinE  and 
modifying user f e a t u r e s  

1A2B Thinking   ahout   the   d i f fe ren t   l eve ls  o f  system 
des ign   and   abou t   t he   spec ia l   des im  cons ide ra t ions   a t  
each  level  

1A2C Communication between  system-development  workers, 
and  between  then  and  users 

1A2D Currency  and  quali ty of system  documentat ion.  

2 lhe User's Control Language 

LA The s e r v i c e  a u s e r   g e t s  from t h e  computer may bc 
considered as a se t  of d i sc re t e   ope ra t ions  - -  i . e . ,  a set  O F  
individual   "service  funct ions"  from among t h e   r e p e r t o i r e   t h a t  

' comprise a "service system." 

2 A 1  Examples of se rv ice   func t ions  are d e l e t i n c  a word, 
rep lac ing  a cha rac t e r ,   hopp ing   t o  a name, etc.  

28 Associated  with  each  function of t h i s   r e p e r t o i r e  is a 
"control-dialogue procedure." 

2H1 Part of t he   d i a logue   cons i s t s  of the  sequence of 
meaningful   user   act ions  (keystrokes,   se lect .   act ions,  etc.)  -- th i s   involves   the   fo l lowing:  

2 B l ~   I d e n t i f y i n g  t h e  des i r ed   s e rv i ce   func t ion  
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2B1B S e t t i n g   u p   t h e   n e c e s s a r y   p a r a m e t e r   d e s i q a t i o n s  

2H1C Recovering from mistakes 

2L)ll) Cal l ing  f o r  the   execut ion  of the   func t ion .  

2H2 The othcr p a r t  of t he   d i a logue ,   i n t e r spe r sed   w i th  
t h e s e   u s e r   a c t i o n s  , is made up of computer-feedhack 
messages  that   help t h e  user   in   proceeding  through these 
a c t   i o n s .  

2 C  We c o n s i d e r   t h i s   r e p e r t o i r e  of service func t ions ,  
t oge the r   w i th   t he i r   con t ro l -d i a logue   p rocedures ,  t o  be t h e  
user's  "control  language."  This is a language f o r  a 
"master-s lave"  dialogue,   enabl ing  the master t o  cont ro l  
a p p l i c a t i o n  of t h e  s l a v e ' s   c a p a b i l i t i e s   t o  h i s  own service. 

2C1 I t  seems c l e a r   t h a t   s i e n i  f icant  augmentation of one 's  
i n t e l l e c t u a l   e f f e c t i v e n e s s  from the   ha rness ing  of computer 
s e r v i c e s  will require  development of  a wjde and 
sophis t icated  control- language  vocabulary.  

2C2 I t   f o l l o w s   t h a t   t h e   e v o l u t i o n  of such a cont ro l  
language is a very  important part of augmentation-system 
research .  

211 For the des igner  of user systems, i t  i s  important  t o  have 
means for spec i fy ing   t he   na tu re  of t h e  func t ions  and their 
respec t ive   cont ro l -d ia logue   procedures ,  so that a design 
s p e c i f i c a t i o n  will be: 

2D1 Concise, so t h a t  i t s  e s s e n t i a l   f e a t u r e s   a r e  more 
e a s i l y   s e e n  

2U2 Unambiguous, so  t h a t  a1 1 re levant   ques t ions  about t he  
design may be answered i n  a s t r a igh t fo rward  manner 

2113 Canonical,  so t h a t   c e r t a i n   k i n d s  of information  can 
he found e a s i l y  

2114 Natura l ,  so t h a t   t h c  form of the   dcsc r ip t ion  f i t s  t h e  
conceptual  frame of the design 
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2DS Easy t o  compose, s tudy ,  and modify, so t h a t  t h e  
process  of  evolutionary  desie;n can be f a c i l i t a t e d .  

211 For   the  user   of   such a r e p e r t o i r e ,  it is important t o  
have a d e s c r i p t i o n   o f ' t h e   n a t u r e   o f   t h e   s e r v i c e   f u n c t i o n s  and 
of  the i r   a s soc ia t ed   con t ro l -d i a logue   p rocedures .  

2 E 1  The d e s c r i p t i o n  must be  concise,  unambiguous, 
canonica l ,  and n a t u r a l ,  for the   reasons Riven  above; 
furthermore,  it must be   accu ra t e ,   i n   t ha t   eve ry th ing  
r e l e v a n t   t o   t h e   u s e r   a b o u t  t h e  s e rv i ce   func t ions  and t h e i r  
control-dialogue  procedures  is described, and everything 
desc r ibed   ac tua l ly  works as indica ted .  

3 State-Chart  Kepresentation  of  Control-Language  Design 

3X Figure 6 shows n cha r t ing  method t h a t  was used  in ear l ier  
s t a g e s   o f   o u r  work fo r   des ign ing  and spec i fy ing  t h e  
control-dialogue  procedure  port ions  of  our control  language. 
Even though  l imi ted   to   descr ib ing   on ly   the   cont ro l -d ia logue  
p rocedures   ( i . e .   no t   su i t ed   t o   desc r ib ing   t he   func t ions  t o  be 
executed) th i s   representa t ion   nonethe less   se rved   very  we1 1 
and l e t  us  develop  the  successive  techniques  described below. 

3R Figure 6 shows ac tua l   cont ro l   p rocedures   for   four   se rv ice  
func t ions  from t h e   r e p e r t o i r e   o f   o u r   c u r r e n t   i n t e r a c t i v e  
system: Delete Word, Delete Text ,   Place Up Statement,  and 
Forward  Statement. (The procedure  flow is  described below i n  
t h e  s e c t i o n  on "Control  Metalanguage.1') 

3 R 1  The boxes  contain  abbreviated  descr ipt ions of  
re levant   display-feedback  condi t ions,   represent ing  the 
in te rmedia te  states between  successive  user   act ions.  Both 
t o   i l l u s t r a t e  how the   char t ing   convent ions  are used  and t o  
give some f e e l i n g  for t h e  dynamics of  our  user-system 
control   procedures ,  we d e s c r i b e   b r i e f l y   b o t h   t h e   c h a r t  
symbols  and  the  associated  display-feedback  conventions.  

3 B 1 A  The w r i t i n g  at the  top  of   each box i n d i c a t e s  what 
i s  t o   b e  shown as "command feedback" at the   top   o f   the  
d i sp lay .  

3 l ' i l A l  An uparrow  sometimes  appears  under  the first 
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c h a r a c t e r  .of one of t h e  words of Comqand Feedback. 

3111AlA T h i s   i n d i c a t e s  t o  t h e   u s e r   t h a t   t h e   n e x t  
c h a r a c t e r   h e  types w i l l  be i n t e r p r e t e d  as 
des igna t ing  a new tern t o  r ep lace   t ha t   be ing  
pointed to  -- the   absence of an  uparrow  under 
Command Feedback signifies tha t   keyboard   ac t ion  
w i l l   n o t  affect t h e  command designat ion.  

3BlA2 "En t i ty"   r ep resen t s   t he   en t i t y  word (i.e., 
"character",   word^^, "s ta tement" ,   e tc . )   that  was 
last  used as p a r t  of a f u l l y   s p e c i f i e d  command. 

JBlA2A The computer   o f ten   "of fe rs"   the   user  an 
e n t i t y   o p t i o n .  

3 B 1 B  'fie c i r c l e  i n   t h e  box   i nd ica t e s   t he  s t a t e  o f   t he  
bug ( the   t rack ing   spot ) ,   which   a l te rna tes   be tween  the  
characters  uparrow  and  plus.  

3 H l B l  The  uparrow i n d i c a t e s   t h a t  a select  ac t ion  is 
appropr i a t e ,   and   t he   p lus   i nd ica t e s  t h a t  a select 
a c t i o n  is inappropr ia te .  

3 R 1 C  The s t r i n g   o f  X's ,  wi th   unde r l ines ,   i nd ica t e s  
t h a t   t h e   s e l e c t e d   c h a r a c t e r s   a r e   t o   b e   u n d e r l i n e d   a s  a 
means of showing t h e   u s e r  what the  computer  thinks h e  
has   s e l ec t ed .  

3R2  Sqme of t h e   o u t p u t   l i n e s  from boxes  on t h e   c h a r t   a r e  
marked with X's. This   i nd ica t e s  t h a t  the  computer i s  t o  
wait u n t i l   t h e   u s e r   h a s  made another   act ion.  

3B2A After th , is   next   act ion,   the   computer   fol lows a 
branching  path,   depending upon  what t h e   a c t i o n  was (as 
i nd ica t ed   on   t he   cha r t )   t o   r each   ano the r  
s t a t e - d e s c r i p t i o n  box o r  one of the  funct ion-execut ion 
processes .  

4 Control  Metalanguage 

4 A  In   search of an  improvement  over  the s ta te  c h a r t ,  we 
looked for the   fo l lowing  special f e a t u r e s ,  as well as t h e  
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g e n e r a l   f e a t u r e s   l i s t e d  above: 

4 A 1  A r e p r e s e n t a t i o n a l  form  us ing   s t ruc tured   tex t ,  so as 
t o   h a r n e s s   t h e  power of our   on-l ine  text-manipulat ion 
techniques  for  composing,  studying,  and  modifyinR  our 
designs.  

4A2 A form t h a t  would a l low  us   t o   spec i fy  t h e  s e r v i c e  
func t ions  as well as the   cont ro l -d ia logue   procedures .  

4 A 3  A form such  that  a des ign-descr ip t ion  f i l e  could  be 
t r a n s l a t e d  by a computer program i n t o  t h e  ac tua l  
implementation of  the  control   language.  

4 B  Using our  Tree Meta compiler-compiler (see below), we 
have  developed a next   s tep  forward  in   our  means of des igning ,  
specifying,  implementing  and  documenting  our  on-line  control 
languages. 

4 B l  Figure 7 shows a po r t ion   o f  t h e  d e s c r i p t i o n   f o r   t h e  
control  language we cu r ren t ly   u se ,   wr i t t en  i n  "Control 
Hetalanguage." 

4 B 1 A  This  language  provides t h e  means f o r   d e s c r i b i n g  
both  the  service  funct ions  and t h e i r  cont ro l -d ia logue  
procedures. 

4R2 The Control  Metalanguage  Translator (CMLT) can 
process a f i l e   c o n t a i n i n g   s u c h  a desc r ip t ion   t o   p roduce  a 
corresponding   vers ion   of   an   in te rac t ive  system which 
responds t o   u s e r   a c t i o n s   e x a c t l y  as d e s c r i b e d   i n   t h e   f i l e .  

4 C  There i s  a strong  correspondence  between  the  conventions 
of CFIL and t h e   s t a t e   c h a r t ,  as a comparison of Figs. 7 and 6 
w i l l  show. 

4 C 1  The p a r t i c u l a r  example p r i n t e d   o u t  for Fig .  7 was 
chosen  because i t  s p e c i f i e s  some of t h e  same procedures 
shown i n  Fig.  6 .  

4 C 2  For in s t ance ,   t he   s t eps  o f  d i sp lay- feedback   s ta tes ,  
l ead ing   t o   execu t ion  of the   "de le t e  word" funct ion,   can 
readi ly   be   fo l lowed  in   the  s ta te  cha r t .  



3 (wc:) zap  case 

3A (b)  [edit]  dsp(backward tes*) . case . . . 

3B3 (1) s*=c1 dsp(tcopy  line)  e*=l,line  +bug2spec 
+ldlim(bl,pl,p2,p3,p4)  +ldlim(b2,p5,p6,p7,p8)  :c st blcsf(b1)  p2D 
rif :p p2>pl cr:  then  (cr)  else  (null) , p5 p6, p4 se(b1): goto 
[s 3 
3B4 (v) s*=cv dsp(tcopy  visible)  e*=v,visible  +bug2spec 
+vdr2(blDpl,p2,p3,p4)  +vdr2(b2,pSDp6,p7,p8) 
+cpwdvs(bl~p2~p4~ps~p6) ; 

. 
3b10  endcase  +caqm ; 

3c (d)  [edit]  dsp(de1ete  tes*) . case 
3C1 ( c )  s*=dc  dsp(tde1ete  character)  e*=c,character  +buglspec 
+cdlim(blDp1,p2,p3,p4)  +del; 

3C2 (w) s*=dw dsp(tde1ete  word)  e*=w,word  +buglspec +wdr 
(b1Dp1Dp2Dp3Dp4) ; 

3C3 (1) s*=dl  dsp(tde1ete  line)  e*=l,line  +buglspec.. . 
. . 

FIG. 7 METALANGUAGE DESCRIPTION OF PART OF CONTROL  LANGUAGE 
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4C2A The s t e p s  are produced  by  the  user  typing "d", 
then "w", t h e n   s e l e c t i n g  a c h a r a c t e r  i n  a given  word, 
and   t hen   h i t t i ng  "command accept"   ( the CA key). 

4C2B The corresponding  s teps  are out l ined   be low  for  
t h e  CML d e s c r i p t i o n  of Fig. 7,  progressing from 
Statement 3,  to   S ta tement  3c, to   S ta tement   3c2 ,   to  
Subroutine  +bugspec, etc. 

4C2C The p o i n t s  or regions  in   Fig.  6 corresponding   to  
these s ta tements   and  subrout ines  are marked  by (3)  , 
(3C) , ( 3 C 2 )  , and (+BIJGlSPEC) , t o  h e l p  compare t h e  two 
r ep resen ta t   i ons .  

4C3 These same s t e p s  are i n d i c a t e d   i n   F i g .  7 ,  as s t a r t i n g  
from  Statement 3: 

4C3A "I)"' sets up t h e  s ta te  descr ibed  in   Statement  3C 

4C3B "W" sets up  the state descr ibed   in   S ta tement  3C2 

4C3C The subrout ine  +buglspec  wai ts  f o r  t h e  
select-word (1) and CA (2)   ac t ions   l ead ing '  t o  t h e  
execut ion of the  delete-word  function. 

4C3C1 Then the  +cdl im  subrout ine takes t h e  
bug-posit ion  parameter and sets p o i n t e r s  P 1  through 
P4 t o   d e l i m i t   t h e  word i n   t h e  tex t .  

4C3C2 F ina l ly ,   t he   +de l   sub rou t ine   de l e t e s  what t h e  
p o i n t e r s   d e l i m i t ,   a n d   t h e n   r e t u r n s   t o   t h e  
las t -def ined  s ta te  ( i .e .   to   where  s*=dw).  

5 Hasic Organizat ion of t h e  On-Line System (NLS) 

SA Figure 8 shows. t h e   r e l a t i o n s h i p s  among the   major  
components o f  NLS. 

5H The Tree Meta T r a n s l a t o r  is a processo r   spec ia l ly  
des igned   to   p roduce  new t r a n s l a t o r s .  

581 There is a special   language -- the   Tree  Meta Language -- t o   u s e   i n   d e s c r i b i n g   t h e   t r a n s l a t o r  t o  be  produced. 
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5B2 A s p e c i a l  Tree Meta l i b r a r y  of subrout ines  m u s t  be  
used ,   a long   wi th   the   ou tput  of t h e  Tree Meta Trans l a to r ,  
t o  produce a new t r a n s l a t o r .  The same l i b r a r y   s e r v e s   f o r  
e v e r y   t r a n s l a t o r  i t  produces. 

5C For  programming the   subrout ines   used   in   our  940 systems, 
we have  developed a special  Machine-Oriented  Language (I.1oL), 
together   with  an MOL T r a n s l a t o r   t o   c o n v e r t  MOL program 
descr ipt ions  into  machine  code.  ( See Hay,  1968 for a 
complete  description.)  

5C1 The MOL is designed to  facil i tate system  programming, 
by  providing a h igh - l eve l   l anguage   fo r   i t e r a t ive ,  
cond i t iona l ,  and ar i thmet ic   opera t ions ,   e tc . ,   a long   wi th  a 
b lock   s t ruc tu re  and   convent ions   for   l abe l ing   tha t  f i t  ou r  
s t ructured-statement   on-l ine  manipulat ion  a ids .  

5C1A These  permit  sophisticated  computer  aid  where 
s u i t a b l e ,  and a l s o   a l l o w   t h e   p r o g r a m e r   t o   s w i t c h   t o  
machine-level  coding (wi th  f u l l   a c c e s s   t o   v a r i a b l e s ,  
l a b e l s ,  etc.) where  core  space,  speed,  timing, 
core-mapping   a r rangements ,   e tc .   a re   c r i t i ca l .  

5D The N L S  is organized as follows: 

5D1 The Control  Processor (E)  receives  and  processes 
success ive   user   ac t ions , ,  and c a l l s  upon subrou t ines   i n   t he  
l i b r a r y  (H) t o   p r o v i d e  it such  services  as the  fol lowing:  

5D1A Put t ing  display  feedback on the   s c reen  

5 D l B  Loca t ing   da t a   i n   t he  f i l e  

5DlC Manipulating  working  data 

5D1D Construct ing a d i sp lay  view of s p e c i f i e d   d a t a  
according  to   given  viewing  parameters ,  etc. 

5D2 The N L S  l i b ra ry   sub rou t ines  (H) are produced from ElOL 
programs (F)  , as t r a n s l a t e d  by t h e  MOL Trans la to r  (G) . 
5D3 The Control   Processor  is produced from t h e  
control- language  descr ipt ion (D), w r i t t e n  in   Control  
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Me.talanguage, as t r a n s l a t e d  by t h e  CMLT (0. 

5D4 The CMLT, i n  tu rn ,  is produced  from a desc r ip t ion  ( A I  
w r i t t e n  i n  Tree Meta, as t r a n s l a t e d  by t h e  Tree Meta 
T r a n s   l a t o r  ( B) . 

6 Advantages  of  Metalanguage  Approach t o  System  Implementation 

6A  We have means fo r   con t ro l - l anguage   spec i f i ca t ion   t ha t  are 
much b e t t e r   t h a n   b e f o r e ,  i n  terms  of  being  unambiguous, 
conc i se ,   canon ica l ,   na tu ra l  and e a s y   t o  composes study,  and 
modify. 

6B Moreover, the  Control  Metalanguage  specification  promises 
t o   p r o v i d e   i n  i tself  a users '   documentation  that  i s  
completely  accurate,  and a l s o   h a s   t h e  above d e s i r a b l e  
c h a r a c t e r i s t i c s   t o  faci l i ta te  study  and  reference.  

6 C  Modify ing   the   cont ro l -d ia logue   procedures   for   ex is t ing  
funct ions or making a reasonable  range of changes o r  
addi t ions  to   these  funct ions,   can  of ten  be  accomplished 
s o l e l y  by addi t ions   o r   changes   to   the   cont ro l - language   record  
( i n  CML) . 

6C1 With our  on-line  studying,  manipulating,  and 
compiling  techniques,   system  additions  or  changes a t  t h i s  
level  can  be  thought  out  and  implemented  (and 
automatically  documented)  very  quickly. 

6D New func t ions   t ha t   r equ i r e   bas i c   ope ra t ions   no t   ava i l ab le  
through  ex is t ing   subrout ines   in   the  NLS l i b r a r y  w i l l  need t o  
have new subrou t ines   spec i f i ed  and  programmed ( i n  MDL) , and 
then w i l l  need new te rms   in  CML t o   p e r m i t   t h e s e  new funct ions  
t o   b e   c a l l e d  upon. T h i s   l a t t e r   r e q u i r e s  a change   in   the  
record (A ) ,  and a new compilat ion  of  CMLT by means of  the 
Tree Meta Trans l a to r .  

6D1 Again,   on-line  techniques  for w r i t i n g  and  modifying 
t h e  MDL source  code (F), for   execut ing   the   compi la t ions ,  
and for  debugging  the  rout ines ,  make t h i s   p a r t  of ou r  work 
much easier. 
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V RESULTS AND  DISCUSSION 

1 Experience  with AH1 Systems  on t h e  CDC 3100 

1 A  Overall Patterns o f  IJsage 

1 A l  Beginning  about  October  1966,  the number of  
researchers   ac t ive ly   us ing   bo th   t ex t -manipula t ion   sys tems 
-0  FLTS and NLTS -- has  increased  considerably.  

l A l A  This   has   been   espec ia l ly  true s i n c e  December 
1966, when w e  became almost   completely  engrossed-in  the 
"paperwork)' o f   w r i t i n g   s p e c i f i c a t i o n s   f o r  our new 
system,  and i n  documenting our old  systems. 
Essent ia l ly   everyone  in   the  program became involved, 
and f o r  a period  of  about s i x  months d id  a l l  o f   t h i s  
work by  means o f  FLTS o r  NLTS. 

l A l B  In late Spring of 1967, ohr staff began t o  
concent ra te  upon implementation  of  the 940 hardware and 
so f tware   t ha t  we had   spec i f i ed ,   and   t he i r   u se   o f   t he  
3100  system f e l l  off   considerably.  

l A l B l  The software-development work was done with 
t h e  SDS 940 on-l ine (Teletype) programming  systems 
which are suppl ied as manufacturer-maintained 
subsystems -- i.e., wr i t i ng /ed i t i ng  (QED), assembler 
(ARPAS), and loader-debugger (DDT). 

1 A l B 2  With Teletypes i n   t h e i r   o f f i c e s   f o r   d a y - l o n g  
use, our  programers  developed,  assembled,  debugged, 
and  modified a l l  o f   t h e i r  programs on l i n e ;   t h u s  
t h e i r  f i les o f  programs  grew  and  took  shape  within 
t h e   i n t e r n a l  f i l e  s t r u c t u r e   o f   t h e  940. 

1 A l B 3  I t  would  have  been too inconvenient  and 
c o s t l y  t o  s h i f t   t h e s e  files back  and forth  between 
the two computers, t o  allow  the  programmers t o  use 
the   super ior   composi t ion ,   ed i t ing ,  and 
f e a t u r e s  of NLTS on t h e  3100 in t e r spe r sed  w i t  
assembling and debugging on t h e  940. 

l A l C  , FLTS has  been  used  s teadi ly  for memoranda, 
r e p o r t s ,  etc., bu t  NLTS has  been  used  over  the last  
e i g h t  months of the   cont rac t   per iod   mos t ly  for peak 
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repor t -prepara t ion   per iods   and  an increas ing  
vis i tor-demonstrat ion  load.  

1A2 Observations  from. Usage Experience 

1A2A Appreciat ion of NLTS,  and  addict ion t o  it, are 
genera l ly   very   qu ick   to   appear .  

1A2B Peop le   na tu ra l ly   p re fe r  NLTS t o  F L T S ,  i n   t h a t   t h e  
ope ra t ions  are genera l ly  easier t o   s p e c i f y  and -- more 
important ly  -- are executed  immediately. 

1A2C However, F L T S  has  proven  very  powerful  and  useful 
i n  its supplementary role, since NLTS a v a i l a b i l i t y   h a s  
been  very  l imited  (around 2 0  hours  a week, d i s t r i b u t e d  
among 12 people   during  our   peak  usage  in   ear ly  1967). 

lA2C1 We have come t o  r e a l i z e   t h a t  F L T S  would  be an 
important  supplement t o   t h e   r e s e a r c h   a c t i v i t y  on t h e  
new sys tem,   even   though  ava i lab i l i ty  of on-l ine CRT 
terminals w i l l  be  much larger  (an  immediate jump i n  
ava i l ab i l i t y   o f   on - l ine   t e rmina l s  by a f a c t o r  of 
about 20)  . 
1A2C2 FLTS will at  least be   very   usefu l  for 
enabl ing clerical staff t o   t r a n s c r i b e   i n p u t   m a t e r i a l  
e f fec t ive ly ;   moreover   dur ing   those   inevi tab le  
per iods  when the  system is down, use r s  w i l l  s t i l l  be 
ab le   t o   be   busy   spec i fy ing   add i t ions  or changes t o  
t h e i r  files. 

1A2D The set of   " tools"   provided  within N L T S ,  although 
q u i t e   r i c h  and   sophis t ica ted   by   p r ior   s tandards  of 
computer-aided  text   manipulat ion,   represents   in  our 
eyes   on ly   an   in i t ia l   s tep   toward   the   type   o f   sys tem 
that   should  evolve  within several years.  

1A2D1 The evolu t ion  will be  very much acce le ra t ed  
by t h e   f a c t   t h a t  we w i l l  be   able  t o  d o   e s s e n t i a l l y  
a l l  of our  work at CRT consoles.  

1A2D2 I n  us ing   the   cur ren t  NLTS we have come t o  
r e a l i z e   t h a t  even t h i s  "init ial" set of  tools o f f e r s  
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g r e a t   p o s s i b i l i t i e s  for a l t e r i n g   v a r i o u s  facets of 
our  work, b u t   t h a t  it w i l l  have t o  be   used   for  
l i t e r a l l y   h u n d r e d s  of hours   before  we can even 
c a l i b r a t e   t h e   e x t e n t  and q u a l i t y  of the  changes 
which a thorough  . in tegra t ion  of t h e s e   t o o l s   i n t o   o u r  
working  methods  would  produce. 

1A3 Prob lens of Usage 

1A3A A dedicat ion  to   working  wmpletely  with  3100 
systems,   while   very  s t imulat ing  and  exci t ing,   can 
produce some very no t i ceab le  stresses. 

1A3Al Mast of   these  seem t o  stem from t h e   v e r y  
l i m i t e d   a v a i l a b i l i t y   o f  NLTS to  each pe r son   i n   t he  
program. 

1A3A2 Too o f t en ,  users are t rapped   in to   having  
f i les  s t o r e d  on t h e   d i s c  which  have  been  recently 
modified  with NLTS, but  for which t h e r e  is no 
hard-copy  pr in tout   for  use i n   s p e c i f y i n g   f u r t h e r  
changes (it is  extremely  dangerous  to use FLTS t o  
spec i fy   changes   in  a f i l e  without knowing i ts  
cu r ren t   con ten t ) .  

1A3A2A As a r e s u l t ,  we often  have  had t o  produce 
hard copy after every NLTS ses s ion ,   , s ince  it i s  
very   hard   to   .p red ic t   whether ,   dur ing   the   severa l  
days  between  the first and  second  usage  hours  of 
t h e  week, t h e  user w i l l  want t o  modify  the f i l e  
with FLTS. 

1A3A3 Beside$  the  burden  of large q u a n t i t i e s   o f  
p r i n t o u t ,  it is d i f f i c u l t   t o   c o o r d i n a t e   o n e ' s  work 
so as to make t h e   b e s t  use of t h e   r a t h e r   t i g h t l y  
s c h e d u l e d   a v a i l a b i l i t y   o f  NLTS. 

1A3A4 A l l  of t hese  stresses have  been  reduced very 
s i g n i f i c a n t l y  w i t h  t h e  much increased on- l ine  
a v a i l a b i l i t y .  

1B An Individual  Testimony 
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1 B 1  Note: Whereas  %hopped-upe* use of NLTS in t roduces  a 
c e r t a i n  amount of stress t o  a user, the   exper ience  from 
t h e   r e l a t i v e l y  few occasions of spending s i x  or more hours 
i n  one  working  day  using NLTS has  a lways  proved  to   be  very 
rewarding  and  st imulating. Some fee l ings   and   t hough t s   i n  
t h i s   r e g a r d ,  as wri t ten (on-l ine  with NLTS) by  one  user 
(Engelbart)  a t  the  end  of   an  e ight-hour   working  session 
are quoted  below. 

1B2 "One can almost always  do  something  direct  and 
s a t i s f y i n g   a b o u t   e i t h e r   t h e   b i g   o r   t h e  l i t t l e  needs   t ha t  
arise: 

1B2A "His think-work at hand: 

1B2A1 Wne's effor t  during  any  given small i n t e r n a l  
of time shou ld   con t r ibu te   i n  some way toward  the 
current  working  goal.  

1 B 2 A l A  "As part of o u r  view o f  a whole  day  of 
professional  work, we d o n ' t   r e a l l y  seem t o  know 
how to think  about   the effect of such  an 
in te rva l - -what   to   expec t   to   have   l eaved ,  t o  have 
decided,  to  have  changed  in  our  recorded  working 
i n f o m a t i o n ,  etc. . 
lB2AlB "Yet, how t o  measure, to   ana lyze ,   and  t o  
design  (conventions,   procedures,   computer  aids) 
f o r   t h e   a c t i v i t y   o f   s u c h   p a r c e l s  seems important 
toward  improving  the effect of t h e  whole  day. 

1B2A2 "Being ab le  so eas i ly   and   qu ick ly  t o  change 
phrasing  and  organizat ion  within a s t a t emen t ,   o r  t o  
change   t he   s t ruc tu ra l   r e l a t ionsh ip  among s ta tements ,  
somehow g i v e s   t h e   f e e l i n g  of making  steady  and 
s igni f icant   p rogress   toward  a des i r ed   goa l ,  i.e. of 
be ing   ab le  t o  make each small interval count   in   an 
e x p l i c i t  way. 

1B2B "His miscellaneous notes and  thoughts. 

1 B 2 B 1  "To accommodate  and preserve  a thought or 
p iece  of   information  that  i s n ' t  r e l a t e d  t o  t h e  work 
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of t h e  moment, one  can  very  quickly  and easil 
inser t  a n o t e   w i t h i n   t h e   s t r u c t u r e  of a f i l e  a t  suc h 
a p l a c e   t h a t  it w i l l  n e i t h e r   g e t   i n   t h e  way n o r   g e t  
lost  . 
1B2B2 "Later, working i n   a n o t h e r   p a r t  of t h e  f i l e ,  
he  can almost i n s t a n t l y  (e.g. wi th in  t w o  seconds) 
r e t u r n   t o   t h e   p l a c e  where  he  temporarily is s t o r i n g  
such   no tes ,   to   modi fy  or add t o  any of  them. 

1 B 2 B 3  ''As any  such  miscellaneous  thought  develops, 
it is easy   ( and   de l igh t fu l )   t o   r e shape   t he   s t ruc tu re  
and  content   of  i t s  d iscuss ion  material. 

1B2B4 "It is a lso   easy  and d e l i g h t f u l   t o   s e e  a 
number of i n i t i a l ly   d i sconnec ted   no te s   ma tu re   t o   t he  
p o i n t  where  they are r ipe   to   be   in tegra ted   under   one  

, ' topical '   heading.  

1B3  "This ' be ing   ab le   t o  do  something'  about  each l i t t l e  
not ion  has   profound  effects :  

1B3A "Perhaps it is a personal  problem,  but  in 
old-fashioned  desk  work, o r   con fe rence  work, t he re  
always seems t o   e x i s t  for me a large amount of 'mind 
burdening '   s tuff   that   jus t   can ' t   'have  something  done 
about it at the  t ime. '  E.g.: not ions,   thoughts ,  
agreements  with  others,  wondering i f  ..., a ques t ion  
f o r  so and so when next we t a l k  about ..., e t c .  

1B3B "In me t h i s   b u i l d s  up a t e n s i o n   t h a t  is 
disagreeable   and  fa t iguing  and  that  also t e n d s   t o  
subt rac t   cons iderably  from  any  end-of-day f ee l ing   o f  
accomplishment--there is so much hanging  ' in  my head' 
l e f t  t o   b e   t a k e n  care o f   t h a t  it is d i f f i c u l t   t o   r e l a x ,  
t o  -think  calmly  and  deeply, etc. . . . 
1B3C " In t e r rup t ions  of a given work t a s k  now needn't  
r ep resen t   ' ho l e s   i n  my day 's   product ivi ty . '  

. 1 B 3 C 1  "Since i n  even a shor t   pe r iod  I can  add 
something t o  my working  s t ructure  of information,  a 
fee l ing   tha t   someth ing  w a s  accomplished  can  be 
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der ived  f r o m  r e a l l y   q u i t e   s h o r t   i n t e r r u p t i o n s   d m u t  
widely  ranging matters. 

1B3C2 "And  when I later s h i f t  my a t t e n t i o n   b a c k   t o  
one   o f   these  matters, t h e r e  is a true f e e l i n g   t h a t  
t h o s e   p r i o r   s h o r t   v i s i t s   c a n   b e   q u i t e   r e a d i l y  
sa lvaged   and   in tegra ted   in to   the   cont inua l ly  
developing material. 

184 "I f i n d   t h a t  I can eqress  myse l f   be t te r ,  i f  I can 
make a l l  the  l i t t l e  changes  and  experiments  with  wording 
and   s t ruc tu re  as t h e y   o c c u r   t o  me." [Here t h e  user 
experiments a l i t t l e  with  using  s t ructural   decomposi t ion 
of a complex  sentence.] 

1B4A "I f i n d   t h a t  I write faster and more f r e e l y ,  

1 B 4 A 1  "pouring  thoughts  and t r ia l  words  onto  the 
screen   wi th  much less i n h i b i t i o n ,  

1B4A2 "f inding it e a s y   t o   r e p a i r  mistakes o r  wrong 
choices  

1B4A2A "so whi le   cap tur ing  a thought I don ' t  
have to   i nh ib i t   t he   ou tpour ing   o f   t hough t  and 
a c t i o n   t o  do it w i t h   p a r t i c u l a r   c o r r e c t n e s s ,  

1B4A3 " f ind ing   t ha t   s eve ra l  trials at t h e   r i g h t  
wording  can  be  done  very  quickly 

1B4A3A "so I can  experiment,   easily  take a look 
and s e e  how a new vers ion  strikes me--and o f t e n  
t h e  first unworried  attempt a t  a way t o   e x p r e s s  
someth ing   t u rns   ou t   t o   be   s a t i s f ac to ry ,  or a t  
least to   require   only  minor   touch up. 

1B4A4 "Finding  that  where I might  otherwise 
h e s i t a t e   i n   s e a r c h  of t h e   r i g h t  word, I now pour  out 
a succession of poten t ia l ly   appropr ia te   words ,  
leaving them a l l  the re   wh i l e   t he  rest o f   t he  
s ta tement  takes shape. Then I select from among 
them, or  rep lace  them al l ,  or else merely  change  the 
list a b i t  and wait for  a later movement o f   t he  
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s p i r i t .  

1B4B "I f i n d   t h a t ,  

1B4B1 "being much more aware of 

lB4BlA " the   r e l a t ionsh ips  among the   phrases  of a 
sentence ,  

lB4BlB "among the   s ta tements   o f  a list,  

lB4BlC "and among the   var ious   l eve ls   and  members 
o f  a branch, 

1B4B2 "being  able 

1B4B2A "to  view them i n   d i f f e r e n t  ways, 

1B4B2B " to   rearrange them e a s i l y ,  

1B4B2C " to   exper iment   wi th   cer ta in   spec ia l  
p o r t r a y a l s  

1B4B2C1 "no t   ava i l ab le   ea s i ly   i n   uns t ruc tu red  
d a t a  

1B4B2C2 "or usable   without   the CRT d i sp lay ,  

1B4B3 

1Bc 

"and being aware t h a t  

4B3A "I can  (and am seeking  to)   develop s t i  
fu r the r   spec ia l   conven t ions  and  computer  aids 

11 

1B4B3B " to  make even more o f   t h i s   a v a i l a b l e  and 
easy , 

1B4B4 "all t e n d   t o  increase 

1B4B4A "my i n t e r e s t  and  experimentation 

1B4B4B "and my c o n v i c t i o n   t h a t   t h i s  is b u t  a 
peek at what is t o  come soon. 
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1B4C "And I f i n d   t h a t  I am more s a t i s f i e d   w i t h   t h e  
material t h a t  I develop. 

1B5 "Important t o  me is t h a t  

1B5A " th is   increased  'practice' with  formulat ing 
thoughts   and   re la t ionships ,  

1B5A1 " d i f f e r e n t   i n   n a t u r e  f rom  and  greater   in  
every-hour   quant i ty   than  anything I have  experienced 
before ,  

1B5B "gives me a f e e l i n g   t h a t  it r e a l l y  will inc rease  
the  growth rate o f  my i n t e l l e c t u a l   c a p a b i l i t y . "  

2 General User Practice and  Needs 

2A Working Files 

2A1 About 400 working f i les are s t o r e d  on the   s eve ra l  
disc   packs  used among the  group. 

2A2 There  has   been  no  s ignif icant  loss of  information  due 
to sys t em  f a i lu re s .  

2A2A "User errors"   have cost us   occas iona l   s ign i f i can t  
losses .   These  tend  to  arise as a resu l t  of the   high 
speed  with  which f i les can  be  modified,  created,  and 
deleted.   Occasional ly  a u s e r  moves t o o  fast, and 
before   rea l iz ing   the   consequences  executes some 
i r revocable   "obl i te ra t ion"   opera t ion .  

2A2B With  growing p r a c t i c e  at t h i s   k i n d  of fast work, 
a user tends t o  use  these very f e a t u r e s   o f  fast a c t i o n  
t o  create backup  copies of f i les  upon  which he  is 
c u r r e n t l y  working. 

2A2C This  same p r a c t i c e  is a s tandard  means of 
pro tec t ion   aga ins t   sys tem failures, and p a r t i a l l y  
accounts f o r   t h e   r e l a t i v e l y  low losses suf fered  
thereby . 

2A2C1 A p r a c t i c e d   u s e r  w i l l  s t i l l  u s e   t h e   s y s t e m   t o  
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advantage  even  under  conditions  where  an 
i n t e r m i t t e n t  bug may be  causing  crashes of t h e  
system as o f t e n  as eve ry   f i ve  or ten  minutes.  

2A3 The p r a c t i c e  of making  backup  copies is g r e a t l y  
f a c i l i t a t e d  by  having a r ea l ly   qu ick  means f o r  a user t o  
send  the  current   working  vers ion  of  a f i l e  o u t  t o  r ep lace  
the   d i sc-he ld   vers ion  (i.e., t o  become t h e  new backup 
vers ion) .   Tota l  time for   such   an   ac t ion  i s  about   three 
seconds  with  the  current   system. 

2B Practice of  Documentation 

2B1 During  the  heavy use of  FLTS and NLTS e a r l y   i n  1967, 
t h e r e  was a noticeable  and  generally  acknowledged  change 
i n   t h e  manner i n  which  documentation w a s  accomplished. 

2B2 Almost every  person w a s  doing most o f   h i s  work by 
continually  expanding and updat ing   the   assoc ia ted  
documentation. 

2B2A The improved  means f o r  expanding  and  modifying 
working f i les encouraged  this  method of  working. 

2B2B I t  was genera l ly   agreed   tha t   working   in   th i s  
f a sh ion   has ,   i n   t u rn ,  a d e f i n i t e   b e n e f i c i a l   e f f e c t  upon 
the  development   of   projects   and  the  interact ion among 
pro jec t   personnel  . 

283  There also began t o  evolve not  only a number of  
special   convent ions  accepted  within  the  group for 
format t ing   and   handl ing   the  files, but  also -- more 
s i g n i f i c a n t l y  -- a recogni t ion  of t h e  scope and  complexity 
o f   f u t u r e   n e e d s   a n d   p o s s i b i l i t i e s   i n   t h i s   r e s p e c t .  

2C S t r u c t u r i n g  of Records 

2C1 The general ized  hypothesis   developed earlier 
(Engelbar t l ,  1962 and  1963)  about  the  value of introducing 
e x p l i c i t   s t r u c t u r e  t o  one's  working  records as a means of 
d e r i v i n g  more a i d  from a computer,  has  been  confirmed by 
experience.  
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2ClA Indeed, it is l i k e l y   t h a t   t h e r e  w i l l  b e   a , s t e a d y  
i n c r e a s e   i n   t h e   d e g r e e   a n d   s o p h i s t i c a t i o n   o f   e x p l i c i t  
s t ruc tur ing   wi th in   our   working   records .  

2C2 Both FLTS and NLTS d e r i v e  a considerable   degree  of  
e f f e c t i v e n e s s  from the  s t ructur ing--enough so t h a t  none o f  
o u r   p r a c t i c e d  users would  be  will ing t P  forgo t h e s e  
conventions.  

2C3 Need f o r  "Parallel" S t r u c t u r e  

2C3A I t  would o f t e n   b e   d e s i r a b l e  t o  have more than  one 
s u b s t r u c t u r e   f o r  a given  statement.  

2C3A1 For  example, we often  f ind  ourselves   chopping 
up a complex  statement  into a sequence  of 
subsubstatements,  as a means o f   o b t a i n i n g   g r e a t e r  
c l a r i t y   i n  its expression. 

2C3AlA This   has  a d e f i n i t e   a p p e a l  as a means of 
c o n s t r u c t i n g   " s t r o n g e r "   s t r u c t u r a l   e n t i t i e s  from 
which t o  form  a s t r u c t u r e  of d e s c r i p t i o n  or 
argument. 

2C3A2 A t  t h e  same time, however, t h e r e  is o f t e n  a 
need f o r  a subl i s t   o f   "ca tegor ies"   to   be   inc luded   in  
suppor t   o f   the   g iven   s ta tement .  If a subs t ruc tu re  
is a l r eady   be ing   u sed   t o   g ive   syn tac t i c  clari ty t o  
t h e  complex  expression  represented by the   s t a t emen t ,  
we c u r r e n t l y  face an awkward problem  for  which we 
h a v e   n o   b e t t e r   s o l u t i o n   t h a n   t o   j o i n  t h e  
substatements   back  into  one  s t r ing.  

2C3A3 A very similar s i t u a t i o n   e x i s t s   f o r   t h e  
"header"  statement of a f i le  (i.e., the   ze ro th - l eve l  
s ta tement   or   "nul l   s ta tement") .  

2C3A3A I t  is q u i t e   u s e f u l  t o  consider  Statement 
0 the  "source"  s ta tement   of   the  l ist  1, 2, 3,. . . 
2C3A3B On the   other   hand,  we a l so   need   an   ac tua l  
s u b s t r u c t u r e   b e n e a t h   t h e   n u l l   s t a t e m e n t   t o  carry 
descr ip t ive   in format ion   about   the  f i le.  
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2C3A3C Again, w e  have  no  ready  solut ion  with  the 
cur ren t   s t ruc tur ing   convent ions .  

2C3A4 In   s eve ra l  of the   ex is t ing   formal   sys tems  for  
manipulating list s t r u c t u r e s ,   t h e r e   a p p e a r s   t o   b e  a 
genera l   need   for  (at l e a s t )  a double   subl i s t :  

2C3A4A One is for t h e  normal list o f   s t r u c t u r a l  
e n t i t i e s ,  and  one is a so ca l l ed   "desc r ip t ion  
list" which   se rves   to   descr ibe   the   paren t   o r  
s o u r c e   e n t i t y  "as an ent i ty ."  

2C3A5  When i n i t i a l l y   e s t a b l i s h i n g   o u r   s t r u c t u r i n g  
conventions,  we abandoned the   poss ib i l i t y   o f   such  
double   subs t ruc ture   in   the   in te res t   o f   expediency .  

2C3A5A We can  always  derive  an  equivalent  effect  
f o r  a given  parent  statement by giving it two 
substatements:   the   substructure   of   one w i l l  se rve  
as a d e s c r i p t i v e   s t r u c t u r e   f o r   t h e   p a r e n t  
s ta tement ,   and   the   subs t ruc ture   o f   the   o ther  w i l l  
s e rve  as the  "substant ive"  substructure   of   the  
pa ren t   s t a t emen t ,   bu t   t h i s  is  a s topgap   so lu t ion  
a t  bes t .  

2C4 With the  mult iconsole   system  operat ive,  we would l i k e  
t o   s e a r c h   f o r  some  ways t o  meet t h i s  need. (The problem 
is mainly how t o   d i s p l a y   t h e   r e l a t i o n s h i p s  and how t o  
p r i n t   t h e  material.) 

2D General  Problem  of  Evolving  Records 

2D1 For   the   s t ra ight forward   processes  of rearranging  and 
rephras ing  t h a t  are involved   in   the   evolu t ion   of  a working 
f i l e ,  t h e   d i r e c t   a p p l i c a t i o n  of t h e  NLTS command 
repe r to i r e   p roves   qu i t e   s a t i s f ac to ry .  

2D2 However, o the r   k inds  of "evolutionl*  are  going on f o r  
which b e t t e r   t o o l s  and  procedures will be  needed. 

2D2A When a new fea ture ,   p rocess ,   o r   concept   appears ,  
it is first refer red   to ,   perhaps ,  by some compound-word 
t e r m ;   l a t e r  it may be  given a s p e c i a l  name. 
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2D2B Both the  terminology and the  scope of d e f i n i t i o n  
for  t h i s  newly  emerging  concept  then  undergo  evolution. 

2 D 2 B l  As a change  occurs   in   e i ther   of   them, a 
corresponding  modification  in  terminology, 
organizat ion,   and  content  is o f t en   r equ i r ed  
throughout   the  associated  record.  

2D2C Early  in   the  emergence  of   such a concept, it 
o f t e n  becomes apparent   tha t  it is  l i k e l y   t o   e v o l v e   i n  
e i the r   t e rmino logy  or d e f i n i t i o n .  

2D2D I t  seems l i k e l y   t h a t   s p e c i a l   t a g g i n g   g i v e n   t o   t h e  
t e rm,   and   a s soc ia t ed   spec ia l   i den t i f i ca t ion   i n t roduced  
in   t he   va r ious   pa r t s   o f   t he   work ing   r eco rd  where t h e r e  
is a dependence upon t h e   d e f i n i t i o n  of  the  concept,  
c o u l d   l e a d   t o  some useful  procedures  and  computer aids 
t o  faci l i ta te  subsequent  evolution. 

2 E  The Process of   Categor iza t ion  

2 E 1  This  is a very   bas ic   opera t ion  for developing  one's 
own th inking  material , or s tudying  (and poss ib ly  
i n t e g r a t i n g   i n t o   o n e ' s  own work) t h e  work of   another  
person . 

2 E 1 A  For ins tance ,   the  task of  developing a use fu l  
r e fe rence   r eco rd   fo r   t he   des ign  of a system  generally 
e n t a i l s   t h e  deve lopment   o f   ca tegor ies   re levant   to   the  
needs o f  f u t u r e   u s e r s  of the   r eco rd .  

2ElB Also, i n  a complex  problem, if the  subproblems 
have  been  properly  categorized,  one can t u r n   t o   t h e  
s o l u t i o n  of cer ta in   subproblems  wi th   the   assurance   tha t  
t h i s   a t t e n t i o n  t o  d e t a i l  w i l l  be  an e f f i c i e n t  
i nves tmen t   t owards   t he   so lu t ion   o f   t he   l a rge r  task. 

2 E 2  We are d iscover ing   tha t   the   use  of NLTS gives  us an 
e x c i t i n g  new a b i l i t y   t o   i n t e r j e c t   i n t o   t h e   r e c o r d  many 
de ta i l ed   no t ions   and   no te s  -- even  though  they  arise w h i l e  
working on  an unre la ted  facet of the  problem -- which 
o f t en   l eads   t o   f i nd ing  a l a r g e  number of  miscellaneous 
notions  on  one's hands. 



2E3 I t  is e a s y   t o   p l a c e   t h e s e   n o t i o n s   i n   s p e c i f i e d  
s t r u c t u r a l   l o c a t i o n s ,  which  would make it e a s y   t o  
categorize  and  group them if it were c l e a r  what ca t egor i e s  
were re l evan t  . 
2E4 As a representative  medium-level task, t h e  matter o f  
e s t a b l i s h i n g  a re l evan t   ca t egor i za t ion   s t ruc tu re ,   and  of 
i n t eg ra t ing   mi sce l l aneous   t ypes   o f   en t i t i e s   i n to  it, is an 
important   quest ion  for   s tudy.  

2E4A This i s  a task i n  which the  evolut ion  of   an 
effect ive  reper toire   of   concepts ,   convent ions,   computer  
a i d s ,  and  procedural s k i l l s  w i l l  p r o f i t   s i g n i f i c a n t l y  
from the  kind of s t u d i e s  , innovat ions,   and  actual   usage 
which we w i l l  employ. 

3 Control-Language  Complexity 

3A Although  the  control  language  for  our  present NLTS i s  
f a i r l y   s o p h i s t i c a t e d ,  a person who becomes s k i l l e d  w i t h  it 
and who uses  it in t ens ive ly  comes t o  want  even more 
sophistication.  Furthermore,   with  growth  of 
control-vocabulary s ize  comes a d e s i r e   f o r  more f i n e s s e  and 
e f f i c i e n c y   i n   t h e   a s s o c i a t e d   c o n t r o l   p r o c e d u r e s   t o   p r o v i d e  
more speed  and  smoothness. 

3B Such t r ends  w i l l  t e n d   t o   i n c r e a s e   t h e  s ize  and  complexity 
o f   t h e   c o n t r o l   r e p e r t o i r e  and t o  make the   encoding   of   cont ro l  
i npu t   i nc reas ing ly   b r i e f .   Th i s  w i l l  mean an i n c r e a s e   i n   t h e  
amount o f   t r a i n i n g   r e q u i r e d   t o   r e a c h  peak  performance; we 
r e g a r d   t h i s  as a reasonable   p r ice   for   increased   usefu lness   o f  
t h e  system. 

3B1 On the  one  hand,  the  control  language w i l l  always 
conta in  a subset  which i s  f a i r l y   e a s y   t o   l e a r n ,   b u t  which 
s t i l l  gives  t h e  u s e r   t h e   b a s i c  means of studying  and 
modifying h i s   f i l e s .  

3B1A Thus a u s e r  w i l l  f ind  his   vocabulary  and s k i l l  
growing  smoothly  with  his  practice  and  understanding. 

3B2 On the   o ther   hand ,  we are t r y i n g   t o   d i s c o v e r  how 
valuable  such  systems  can  be t o  a s k i l l e d   u s e r ,  and we 

57 



V: RESULTS AND DISCUSSION -- CONTROL-LANGUAGE  COFPLEXITY 

feel t h a t   t h e   d e c i s i o n  as to   whether  o r  no t   t he re  is 
enough  value t o  warrant a given amount o f   t r a in ing   shou ld  
be made after we have a set o f   u s e r s  who have  reached  an 
adequate s k i l l  l e v e l  and  thus  learned how  much va lue  is 
ac tua l ly   de r ived .  

3B2A From o u r   e x p e r i e n c e   t o   d a t e ,  we are c e r t a i n   t h a t  
f o r  a n y   u s e r   t o  whom a system  of   computer   a ids  is t o  
provide   fu l l - t ime,   in te rac t ive   working   a ids ,   the  
acceptab le   th reshold  on t h e  amount of conceptual and 
psychomotor  training  needed  for real s k i l l  w i l l  be a 
good deal   higher   than is commonly expected. 

3B2B Cer ta in ly  it will be   acceptab le  i f  it is as 
d i f f i c u l t  as learn ing   to   opera te   an   au tomobi le  and t o  
understand  and  observe  the  convent ions  and  pract ices  of 
l ega l   and   r a t iona l   d r iv ing   ru l e s .   Th i s   r ep resen t s  a 
g r e a t e r  set of   concepts  and skills t o  be  mastered  than 
is genera l ly   apprec ia ted  . 

3B3 Within  our own community, a need  has  developed  for 
formal iza t ion   of   our   t ra in ing   procedures .  

3C Our Control  Metalanguage  and  "control  compiler"  approach, 
as d e s c r i b e d   i n  Sec. IV-4 for   the  mult iconsole   system,  should 
s ignif icant ly   enhance  our   control- language  experimentat ion.  

4 User-Procedure  Monitoring  and  Analysis 

4A We developed a mod i f i ca t ion   t o  NLTS which  uses a ( spare)  
magnet ic- tape  t ransport  t o  record  the  sequence  of   users '  
ac t ions   dur ing  an on-line  working  session. For each  recorded 
ac t ion ,  it i d e n t i f i e s   t h e   a c t i o n  and g i v e s   t h e   t i m e   t o   t h e  
nearest   hundredth  of  a second. 

4 A 1  We then  developed  an  e lementary  analysis   rout ine  to  
produce  usage statistics f o r   s p e c i f i e d   a c t i o n s   o r  
sequences of ac t ions .  

4A2 We d i d   t h i s   t o  answer a s p e c i f i c   q u e s t i o n   r e l a t i v e   t o  
system  t iming,  in  evaluating  the  proposed  overlay-swap 
system  which was eventually  implemented on the  3100. 
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4B We want t o  e x t e n d   t h i s  t o  a s i g n i f i c a n t   s t u d y ,  t o  grow 
and  continue as a r e g u l a r   p a r t  of our   system  s tudy.  

4B1 Continuation is be ing   defer red  until the   mul t iconsole  
system is mnning  smoothly. 

4C As more people come to  be   regular   users  of NLTS, we are 
observing  the  fol lowing:  

4C1 Some users never  use same of   t he   f ea tu re s   o f   t he  
system. 

4C2  Some execu te   each   ope ra t ion   f a s t e r   t han   o the r s .  

4C3 Some have  developed a b e t t e r  command of the   con t ro l  
language,  in '   that   they  can  formulate an e f fec t ive   sequence  
of   on- l ine   opera t ions  more quickly.  

41) We expect moni tor ing   and   ana lys i s   to   he lp   us   to  assess 
t h e s e   d i f f e r e n c e s   o b j e c t i v e l y  and t o   i s o l a t e   n e e d s  and 
poss ib i l i t i es   for   improving   the   sys tem.   For   ins tance ,   the  
fo l lowing   ac t iv i t ies   a re   p lanned:  

4D1 Direct measurement of the  speeds  and ski l ls  involved 
in   the   very   bas ic   opera t ions .  

4D2 I so la t ion   o f   the   sequences   o f   ac t ions  which  comprise 
b a s i c  tasks (e.g., ass igning a name t o  a s ta tement ,  
following a r e fe rence   l i nk ,  and then   r e tu rn ing   t o   t he  
s t a r t i n g   p o i n t )  so t h a t  we can   s tudy   the i r   f requency   of  
occurrence and t h e   p a r t i c u l a r  means by  which d i f f e r e n t  
users   per form  these  tasks. 

4D3 Development  of  performance  characterizations  and 
r a t i n g s   f o r   t h e s e   d i f f e r e n t  skills and t a s k  sequences,  by 
which we can  perhaps  develop  motivation  and/or  training. 

4D3A In  Engelbart  (1962  and  1963) , a good dea l   o f  
conceptual work is presented   on   the   na ture   o f   one ' s  
@@system  of   in te l lec tua l   capabi l i ty . "  The concept of a 
"h ie ra rch ica l   capab i l i t y   r epe r to i r e"  is prominent  in 
t he   d i scuss ion  of how t o  improve t h i s  system. 
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4D3Al I t  i s  evident  from  our  experience  with N L T S  
t h a t  a f t e r  cont inued  usage  of   such a system,  the 
o v e r a l l   c a p a b i l i t y  improvement w i l l  arise from many 
changes  which  creep  into  the  methods and conventions 
assoc ia ted   wi th   the   capabi l i t i es   th roughout   the  
h i e ra rchy  . 
4D3A2 For   example ,   the   capabi l i ty   for   very  fast  
e d i t i n g  and fo r   spec i fy ing   t he   con ten t  of  s ta tements  
t o  he displayed are both  needed  in order t o  make 
qu ick ,   f l ex ib l e ,  and e f f ec t ive   u se   o f   t he   s ea rch  
f ea tu re .  

4D3A3 Speed  and f l e x i b i l i t y   w i t h   t h i s   s e a r c h i n g  
t echn ique   l e t s  one  embark  more quick ly  upon 
searches,   and  one  f inds numerous places   in   reviewing 
and  modifying h i s  f i les where   he   begins   to   use   th i s  
a id .  

4D4 lie plan   to   ana lyze   ex tens ive   p rocedure   records  s o  as 
t o   b r i n g   o u t   t h e   a c t u a l   h i e r a r c h i c a l   c a p a b i l i t y  
r e l a t i o n s h i p s ,  and no t   on ly   t o   w i tnes s   t he i r   evo lu t ion   bu t  
t o   d e s i g n   f o r  and accelerate tha t   evo lu t ion  more 
e f f e c t i v e l y .  

4E I t  is obvious  that   such  ingredients  as t h e   i n t u i t i v e  
leaps and heur i s t i c   dec i s ions   w i th in   t he   behav io r  of an 
i n t e l l e c t u a l  worker are of   fundamental   s ignif icance.  1ie are 
not   assuming  that   the   next   year   of   learning how t o   a n a l y z e  
procedural   records will produce  the means t o   i s o l a t e  and 
assess th i s   t ype   o f   h igh - l eve l   i ng red ien t ,   bu t  we do  expect 
t h a t   o u r  work w i l l  be  an  important  step  toward t h i s  sort of 
achievement -- an achievement  which  must  ultimately  be 
pu r sued   i n  any serious  drive  toward  augmenting human 
i n t e l l e c t .  

5 On-Line Conference 

SA On 12 and 13 October  1967, we experimented  with  the  use 
o f   ou r   on - l ine   sys t em of  computer   a ids   to   support  
minute-by-minute  presentation o f  information  and  organizat ion 
of  a c t i v i t i e s   d u r i n g  a two-day progress-review  meeting  with 
our projec t   moni tors .  
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5B For th i s   mee t ing  we b u i l t  a spec ia l   squa re   t ab l e ,   s ea t ing  
f ive on a s ide ,   w i th   t he   cen te r  area open. We arranged s i x  
o f   o u r   t e l e v i s i o n  monitors i n   t h e   c e n t e r  area, so tha t   each  
of t h e  20 persons w a s  convenient ly   near  a t  least one of them. 
F igure  9 shows t h i s  arrangement. 

5B1 The TV monitors were placed low enough to   g ive   each  
par t ic ipant   an   unobs t ruc ted  view of  a l l  o t h e r   p a r t i c i p a n t s  
a round  the   t ab le .  

5B2 A t  one  locat ion on t h e   t a b l e  we set up  the mouse, 
keyboard,  and  keyset  terminal  equipment  to  remotely 
con t ro l  NLTS on t h e  CDC 3100. 

5B3 A TV camera  captured  the image generated on the   l a rge  
display  scope  in   the  computer  room, and the   v ideo  was 
wired t o   t h e  s i x  monitors  in  the  conference room. 

5B3A The v ideo   s igna ls  were inver ted ,  so t h a t   t h e  
displays  in   the  conference room showed black  characters  
on a white  background. 

5B4 S i x   a u x i l i a r y  mice were located  around  the  table ,  
wired so t ha t   dep res s ing   t he   con t ro l   bu t ton  on any  one  of 
them  would pick  up a r e l ay   t o   connec t   t ha t  mouse i n t o  a 
special   input  channel  to  the  computer.  

5B4A This   channel   control led  the  posi t ion on t h e  
screen  o f  a second,   extra- large  t racking arrow. 

5B4B This   se tup   a l lowed  any   par t ic ipant   to   t ake  a 
nearby mouse  and move the pointer   about  on the   sc reen  
as a means o f   c a l l i n g   a t t e n t i o n   t o  items on t h e  
d i sp lay  . 

5C We col lec ted   about  150 of   the  files which  have  been 
develo  ed  in   the  program, and pu t  them  on  one d i s c  pack t o  be  
availa g le  f o r  access and  study  during  the  conference.  

5C1 This   included a l l  of t h e  work on s p e c i f i c a t i o n s  and 
some of the  symbolic source code of our 940 system  design, 
the  documentation  and  user  guides  for  the 3100 and 940 
subsystems , a l l  of our recent r e p o r t s  and  proposals, etc. 
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5C2 We also included sane files spec ia l ly   p repared  t o  
show t h e   a c t i v i t y ,  framework,  and  candidate  conference 
topics ,   and a framework from which t o  generate   the  working 
agenda . 
5C3 Figure 9 shows the   spec ia l ly   p repared   agenda  f i l e  
with  the  view  parameters set t o  show only first-level 
s ta tements ,   d isplaying one l ine  of each. 

5D This   setup  proved  very  valuable  as a means f o r   f l e x i b l y  
present ing  a l a rge   quan t i ty  of complex material so t h a t  it 
was e a s i l y   a d j u s t a b l e   t o   t h e   c o u r s e   o f   t h e   d i s c u s s i o n  and t o  
the   spec ia l   needs  and ques t ions   o f   t he   pa r t i c ipan t s .  The 
f u l l  power o f  NLTS g i v e s   t o  a pract iced  user   an  unusual  
c a p a b i l i t y   f o r   p r e s e n t i n g   h i s  material. 

5D1 We are a l l  looking  forward  not   only  to   regular ly  
running  our own program  meetings and des ign   s e s s ions   i n  
t h i s  manner,  but  perhaps t o   h o l d i n g  more on-line  meetings 
with  sponsors and people   ou ts ide   the  program. 

5E A photograph  and  description  of  this  experiment were 
inc luded   in  an a r t i c l e  by J. C. R. L i ck l ide r  and R. W. Taylor 
(1968); Taylor was a p a r t i c i p a n t  a t  our  meeting. Their 
discussion  of   (and  future   project ions  for)   computer-aided 
communication  techniques are h i g h l y   r e l e v a n t   t o  our work and 
future  developments. 





VI CONCLUSIONS AND RECOMNDATIONS 

1 The  activity of the  project  involves  a  large  collection of 
innovations,  implementations,  experiments,  and  analyses. 

1A They  are  all  highly  interactive,  and  all  in  a  state  that 
is  best  described as "initial  exploratory." 

1B  We  cannot  give  conclusive  assessments of any of these, 
but  we  can  give  some  relative  evaluations  on  various  aspects 
of the  program. 

2 "Bootstrapping,"  as  a  basic  research  strategy,  is  beginning 
to  work,  and  will  be  much  accelerated  by  the  increased  on-line 
service  provided  by  the  multiconsole  facility. 

2A  It  seems to be  paying off in  terms of stimulation  and 
orientation. 

28 When  a  person  using  the  system  meets  a  given  problem  and 
is also aware of other  needs  and  possibilities  arising  for 
users,  analyzers,  specifiers,  and  implementers of the  system, 
there  is  a  much  increased  integration,  flexibility, 
refinement, and speed of innovation. 

3 The structuring  conventions  for our working  text  are of 
significant  value. Added conventions of this s o r t  will  be 
encouraged, 

4 The  off-line  text-manipulation  system  has  proven  very 
valuable  in our past  and  current  operational  environment,  in 
cases  where  on-  line  time  is  limited.  There  may  well  be 
applications  where  these  off-  line  techniques  alone  could 
significantly  advance  composing  and  editing  activities. 

4A It seems  very  likely  that  such  a  system  could  be  valuable 
in  writing/publishing  activities  without  having  any 
associated  on-line  aids. 

4R We  feel  that it will  be  worth  while  to  implement  an 
off-line  system  for  the  new  multiconsole  system,  even  though 
we  now  have  much  more  display-console  availability  than 
before. 

5 Our on-line  text-manipulation  system  has  now  developed  to  the 



VI: CONCLUSIONS AND RECOMMENDATIONS 

po in t  where it begins   to   be   s ign i f icant   in   the   exper iment   o f  
eva lua t ing  what on- l ine  work c a n   r e a l l y   d o   t o  augment human 
i n t e l l e c t .  

SA I t  will be   necessary   to   use  NLTS for  hundreds  of  hours 
pe r   u se r   be fo re  a t rue   pe r spec t ive   o f  i t s  value w i l l  develop. 

5B Within  that   per iod,   there  i s  l i t t l e  doubt   tha t   the   sys tem 
w i l l  evolve  considerably  fur ther .  

6 On- l ine   a ids   requi re   easy   access   to   be   e f fec t ive .  

6A On-line  use by a group  of   workers   requires   easy  access   to  
the  computing  aids i f  they   a r e   t o   be   e f f ec t ive .  

6B "he   t e lev ised   d i sp lays  and  monitors as developed   for   the  
mult iconsole   system  represent  an  economical , f l e x i b l e  
approach  which  allows  various  combinations  of  displays  to  be 
remoted. 

7 The te lev ised   d i sp lay   sys tem  deve loped   for   our   mul t iconsole  
system is economical  and  flexible. I t  has   several   important  
f e a t u r e s  : 

7A Console  cost is very low, s i n c e   t h e   d i s p l a y  is a 
mass-produced  commercial  unit (cost ing  about  $600). 

7B A black-on-white image is opt iona l ly   poss ib le .   This  is 
p re fe r r ed  by users   over   the  usual   br ight-on-dark CRT d isp lay .  

7C Video s i g n a l s  f r o m  o the r   sou rces   can   ea s i ly   be  
superimposed on the  computer-generated  display,   to   display 
( f o r  example) a p ic ture   o f   the   computer  room o r   o f   a n o t h e r  
person's face. The la t ter  should  be  valuable for cooperat ive 
on- l i n e  work. 

8 There is a v e r y   p r o m i s i n g   f i e l d   o f   p o s s i b i l i t i e s   r e l a t i v e   t o  
new concepts,   conventions,   techniques,  skills, methods, etc. t o  
be  developed  for   users   of  NLTS (and i t s  descendants).  

9 The one-hand  keyset, as used  within  our  on-line  working 
environment, is de f in i t e ly   wor th   t he   t roub le   o f   mas te r ing   fo r  
those who w i l l  devote  any  appreciable amount o f   t h e i r  
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p ro fes s iona l  time t o  working  on-line. 

9A Extensions  toward more keys  and more soph i s t i ca t ed  
encoding are worth  pursuing. 

10 There w i l l  be a large  (and complex)  body o f  knowledge  and 
s k i l l  t o   b e   m a s t e r e d   i n   o r d e r   t o   c a p i t a l i z e   e f f e c t i v e l y  on t h e  
p o t e n t i a l   o f  real-time computer  aids. 

10A Our expe r i ence   ve r i f i e s   t ha t  an ever  more Sophis t ica ted  
in te rac t ive   l anguage  will evolve  within  our program. 

10B This  complexity  has grown more than was expected. We 
need t o   i n a u g u r a t e  a more formal  approach  to  the 
indoc t r ina t ion  of new people   to  our conventions and 
techniques.  

11 The fea tures   deve loped   to   da te   for   our   mul t iconsa le   sys tem 
are   qui te   promising,   par t icular ly   the  Control   Metalanguage 
approach t o  spec i f i ca t ion ,   des ign ,  and  documentation  of  the 
Control Language. 

12 Our bes t   fu ture   research   s t ra tegy   involves   the   deve lopment  
o f  a Boots t rap   Cornuni ty   for   coord ina ted   ac t iv i t ies  aimed a t  t h e  
most  payoff  in  terms  of  better  augmentation of our own 
personnel ,   and   be t te r   t echniques   for   ana lys i s ,   des ign ,   and  
implementation  of  augmentation  systems. 

13 The development  of  the  Bootstrap Community must  be 
coordinated  with  the  capacity  of  our  consoles,   computer  service,  
and f i l e  s to rage   t o   suppor t  Community needs,  and  with  our 
a b i l i t y   t o   i n t e g r a t e  and  coordinate   people   and  act ivi t ies .  
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